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PREFACE 


The Author has been engaged during the last thirty years in the 

practical application of electricity to mining work. For a long 
period he was the apostle of electricity to the mining world, preach¬ 
ing the advantages of electricity for mining, in season and out of 
season. For a large portion of the thirty years, he conducted a very 
uphill battle against the natural conservatism of mining engineers 
and mine managers, who have to think before all things of getting 
their mineral out, and who could not afford to instal new apparatus, 
however good it might seem, unless they were quite sure that it 
would not interfere, even temporarily, with the output; and against 
the many difficulties inherent in the development of a new industry. 
He claims to have had a very large share in making the position held 
by electricity in mining work at the present time; and in the following 
pages he has endeavoured to give mining engineers, mine managers, 
and all who are interested in mining work, or who have to do with 
mines, the full benefit of the experience acquired, often very pain¬ 
fully, during the last thirty years. He has also endeavoured to give 
as full particulars, and to explain the working as fully as possible, of 
the very latest up-to-date apparatus employed both in this country, 
in America, and on the Continent. 

In Chapter I. he has given the usual resume , made as full as 
possible, and to meet the greater knowledge of the subject possessed 
at the present day by mining engineers, than was possessed thirty 
years ago, of the underlying principles of electricity, with the terms, 
eta, in general use. In Chapters II. and III. he has given short 
descriptions of signals, telephones, and electric-lighting apparatus 
in use about mines, that in his opinion can be employed with 
advantage. In Chapter IV. he has gone very fully indeed into the 
question of the generation of electricity economically. It has ap¬ 
peared to him that if electricity is to be, as he believes it must be, 
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the agent employed about mines for distributing energy, it is abso¬ 
lutely necessary that the electricity itself should be generated in the 
most economical way possible, and he has therefore discussed every 
possible source of power that may he available, and every possible 
source of economy. 

In Chapter V. he has discussed the principles and practice of the 
distribution of electricity, as it is applicable to mining work, giving 
descriptions of every method of distribution, even some, of thorns that 
in his opinion will not often te applied, tecausc it has come to his 
knowledge that they have lx*e» applied in a few cases. 

In Chapter VI. he has dealt very fully with the application 
of electricity to the different machinery alxiufc a mine. In writing 
this chapter, the Author has had tefore his mind the fact that there 
are a largo and increasing number of engineers who are engaged in 
the application of electricity to mining work, and who necessarily are 
not familiar with the working of mines, when they first conn* to them. 
In the past there have been a very large nnmter of failure*, and a 
very large amount of money wanted, owing to tins fact that those who 
Itave been engaged in applying electrieity to some mining problem, 
have not Ixjen acquainted with mines, and have teen far too sanguine 
as to the amount of power required for performing a given amount of 
work. Pathetic complaints have been made at the Mining Institute, 
by those who have boon advising mining engineers in the application 
of electricity, that motors supposed to deliver a great many horse¬ 
power would not perform the work, my in hauling trams, that was 
; easily performed by one horse in the flesh. It lias ! tt»n t lm Author's 

' endeavour, in writing Chapter VI., to provide information that will 

enable whoever may bo engaged in mining work, to form a very* safe 
; idea of the power he mnst provide in i*ach case, while on the other 

! hand he has endeavoured to show mining engineers and mine 

| managers how that power is to be delivered, and how they are to know 

l when they have the proper amount. 

; In Chapter VII. the Author has given a few simple rules for the 

1 discovery of ** Faults,” or causes of failure. In this chapter also he 

\ has had in his mind the man engaged about » mine, mid not a man 

I who is accustomed to the use of delicate laboratory instrument*, am) 

? who has a well-constructed laboratory, with solid foundations for his 

| instruments, to make his tests in. He hm endeavoured to give a few 

1 simple rules ftat can be applied by any engineer who has acquired a 
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certain knowledge of electricity, with appnmtmi that rmit be wm* 
ployed in any mine in any part of the world, II** hm in \w\* 
the possibility that a mine may ho situated hundreds ui uides tono 
everywhere, and that the engineer in * tmrge of the uppnrttu. in u 
have only himself to depend up* an may he oblhn d to depend npm 
rough and ready apparatus, hut will l»r obliged to keep things omn/ 
The Author that the W 4 c will }#* of nie t«< mining *m 

gineers, mine managers, and every one employed ntwinl u mm** in oi»rt 1 
c&jmcifcy. 


1» Hwm)mfiku> i * urM - mt t Bath, 
January 18, MK)7. 


HYIIMKY F. %%'AUim 
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ELECTRICITY IN MINING 


CHAPTER I 

DEFINITIONS, UNITS, ETC. 

What Electricity is 

At the present time there are two theories of electricity, one held by 
the advanced section of the professors led by Professor J. J. Thompson, 
of Cambridge, and known as the corpuscular or eloctrotonic theory ; 
and the other held by those practical engineers who have thought 
about the matter, and, the author believes, by a section of the 
professors led by Bir Arthur Rucker, the Principal of the London 
University, known as the wave or molecular theory. In order to 
understand the corpuscular theory, it is necessary to briefly explain 
the atomic theory, which those mining engineers who have studied 
chemistry will already have met with. In the atomic theory there 
are a certain limited number of substances which are indivisible 
into other substances, so far as any means at the disposal of tho 
laboratories is able to accomplish at present, these substances being 
known as the chemical elements. The elements combine with each 
other to form compounds, the compounds possessing different 
properties from those of the elements out of which they are formed, 
and having a different appearance. The elements always combine in 
certain fixed proportions, these being the atoms. One or more 
atoms of any element may combine with one or more atoms of 
other elements to form one or more molecules of a compound. The 
atom was supjtosed to be the smallest body that could exist, and it 
could not exist alone. Two or more atoms of an element might 
exist together as a molecule of that element. The molecules are 
supposed to lie all the same size, but the atoms are of different weights, 
and the atomic weight is that quantity by weight of each element 
that enters into combination with one or more atoms of other elements. 
In the corpuscular theory, the atom is again supposed to be divided 
into ait enormous number of smaller bodies known as corpuscles or 
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electrons. There are an equal number of positively electrified and 
negatively electrified corpuscles in every atom in its normal condition. 
The negatively electrified corpuscles or electrons are supposed to 
completely surround and enclose the positively electrified electrons. 
The negative electrons are thrown off from the surface of the atom 
with great velocity, and when an atom has lost one or more negative 
electrons, it becomes positively electrified, and exercises an attraction 
for any body which is short of positive electrons. On this theory 
an electric current is supposed to be a procession of electrons in the 
space surrounding the conductor through which a current is supposed 
to pass. The corpuscular theory has been led up to from the 
laboratory, and mainly from the researches that have been made on 
the Crookes’ tubes used with X-ray apparatus. The cathode, the 
negative electrode in the Crookes’ tube, has been found to give off a 
large number of negative corpuscles at a very high velocity. 

The wave, or molecular, or mechanical theory of electricity has 
been led up to from the principles that have been gradually evolved— 
since the wave theory of light enunciated by Dr. Thomas Young took 
the place of the corpuscular theory of light previously held by Sir 
Isaac Newton and others. Sir Isaac Newton believed that light came 
to us from the sun, very much in the same way as the enunciators of 
the corpuscular theory of electricity believe that electric currents are 
formed. The wave theory took its place, however, among scientific 
men, even in Newton’s lifetime, for reasons there is not space to 
detail here. Dr. Young propounded the theory that light comes to 
us in waves, somewhat similar, but different in form, to the waves 
that had already been shown to be the method of the propagation of 
sound, and that we are familiar with in water. 

The Ether.—In order that light should come to us in waves, it 
was necessary that there should be a medium for the passage of the 
waves, hence the invention of the ether by the scientific men of those 
days. It is now recognized that our sun, his planets, and the whole 
of the heavenly bodies float in an elastic fluid, whose properties are 
not yet fully understood, and which goes by the name of the Ether. 
White light, as we know, is made up of a number of coloured lights, 
the beautiful colours of the rainbow or spectrum, red being at one end 
of the spectrum and violet at the other. It is also now known that 
the different colours are due to differences in the lengths of the waves 
by which tire different colours are transmitted. The length of the 
wave in the red is approximately 811 in<*h, while that of the 

wave in the violet is about half that length. But it is also well 
known now that the different colours and the different wave-lengths 
correspond to different properties; thus, red rays have greater heat¬ 
ing property, while violet rays have greater actinic or chemical 
properties, and the yellow rays, which are near the middle of the 
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spectrum, have the greatest lighting value. Further, there are dark 
rays beyond the red, known as the infra red, the wave-length of 
which is longer than that of the red; and there are also dark rays 
beyond the violet, known as the ultra violet, which have greater 
chemical power than the violet rays, and whose wave-length is 
shorter than the violet. It will be evident that there is a long range 
of wave-lengths below the infra red and above the ultra violet that 
have not yet been located, and whose properties are not yet known, 
but that are being gradually investigated. Further, when an electric 
current is caused to heat a conductor, if the current is sufficiently 
powerful, and is allowed to pass for a sufficient length of time, first, 
invisible heat rays axe produced; next, visible red; then yellow; and 
finally white rays. Hence it was but a natural sequence of the 
acceptance of the wave theory of light, that the wave or mechanical 
theory of heat should follow, and then that the wave or mechanical 
theory of electricity should follow the wave theory of heat. It has 
also been proved, by the researches of Hertz and others, that electric 
waves are created, and they are used in wireless apparatus, of which 
Marconi’s Is the best known. 

The View for the Practical Engineer.—The above has been 
detailed, though it is not absolutely necessary, because the author 
believes that the engineer of the present day takes a great and 
increasing interest in every development of every science that he has 
to handle, and most engineers have to handle several sciences. The 
practical engineer has to remember, however, that by the law of 
the conservation of energy, electricity, no matter what may be its 
form, is only obtained by transformation from some other form 
of energy. 

The Law of the Conservation of Energy.—In these days when 
researches upon radium and helium are supposed to have upset some 
of the laws that were supposed to govern the universe, it is wise for 
the practical engineer to remember what the law of the conservation 
of energy is, and to keep close to it. This law states that the 
quantity of matter and the quantity of energy in the universe are 
fixed and unchangeable, and that neither matter nor energy can be 
lost or created. Hence, when we talk of creating or generating, say, 
electricity, we really mean—we can only mean—that we have trans¬ 
formed energy from some other form into electricity, and that in 
whatever form electricity is generated, to use the convenient expres¬ 
sion, work must have been done, or, as we say, some other form of 
energy must have been expended. 
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Electrical Pressure and Electrical Current 

The term pressure is used hy electrical engineers in the same way 
as it is employed hy mechanical and civil engineers. It implies the 
presence of a force that, will give rise to an electrical current when 
the other electrical conditions are favourable. Put in another way, 
an electrical current will pass between any two points where there is 
a sufficient electrical pressure between these two points to overcome 
the resistance opposed to the passage of the current. Further, the 
electrical current that will pass between the two |shuts will be 
directly proportional to tint pressure existing between them, and 
inversely proportional to tin; resistance opjmsed to the passage of 
electricity. 

Ohm’s Law.—The above law, which governs so much of tin; 
action of electric currents, is known hy the nanus of tins celebrated 
German professor who discovered it. It must las understood, how¬ 
ever, that the pressure employed in applying Ohm's law is the net 
pressure present between the two points. It happens in many cases, 
as in primary and secondary galvanic batteries, and in apparatus 
whore magneto-electric; induction takes place, that opposing pressure** 
exist between the two points in question. When this is the wise, the 
pressure to bo employed is the algebraical sum of all tins pressures 
existing botween the two ^joints. A good illustration of this is 
where accumulators are being charged. Tire charging dynamo 
furnishes a current of a certain pressure; the accumulator, being 
charged, furnishes an opjwsing pressure nearly equal to it; and the 
resultant current, passing through the accumulator, the cables, etc., is 
found by applying < dim’s law, but using the difference between the 
charging and opposing pressures as the pressure for calculation. 

Ohm’s law is written-— 



also— 
and —* 


The second and third formuke will be recognised an merely algebraical 
transpositions of the first. Also, when K is in volts, and It is in 
ohms, 0 is in amperes. 


R = OK, 
R 


It 


0 
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The Volt, the Ohm» and the Ampere 

The Volt is the unit of electrical pressure. It is used by 
electrical engineers in very much the same way as the pound is 
used by mechanical engineers. It is a definite multiple of the 
standard electrostatic unit, the force exerted by a body of unit 
volume, charged to unit electrical potential upon another body 
similarly charged at unit distance. The practical engineer need not 
trouble himself very seriously about the standard units. The volt 
is about equal to two-thirds the pressure that the Leclanche cell, so 
much employed in electric signals, telephones, etc., should have when 
giving no current. It is also about equal to two-thirds the pressure 
of the standard Clark cell that is employed in laboratory work, and in 
delicate tests of electrical apparatus. 

The Ohm is the unit of electrical resistance. All bodies resist 
the passage of electricity through them, the metals less than other 
bodies, and silver and copper the least of the metals, while substances 
such as dry cotton, dry silk, indiarubber, bitumen, porcelain, and 
others, offer a very high resistance indeed to the passage of electricity. 
Substances are roughly divided into conductors and insulators, the 
conductors being mainly the metals, and the insulators the substances 
mentioned above, and some others. The standard unit of resistance 
is a column of mercury of certain dimensions kept at Paris. For 
practical purposes it is perhaps more important to know that 1 mile 
of No. 4 copper wire, £ mile of No. 8, and other lengths of other 
wires have approximately a resistance of one ohm. 

Specific Resistance.—What is known as the specific resistance 
of any substance is the ratio which the resistance offered by a cubic 
centimeter, or cubic inch of the substance between two opposing 
faces, bears to that offered by a cubic centimeter or cubic inch of 
silver. The specific resistance of iron and steel are from six to seven 
times that of silver and copper. The specific resistance of the 
insulators are some of them many million times that of silver and 
copper. The resistance of every body of any substance is propor¬ 
tional, directly to the length of the body in the direction in 
which the current will pass, and inversely to its sectional area in the 
same direction. Thus the resistance of a copper conductor, intended 
to carry a lighting or power current, varies directly as its length, and 
inversely as its size, while the resistance of the indiarubber or other 
insulating envelope varies directly as the thickness of the envelope, 
and inversely as the length of the conductor it envelops. The 
resistance of all substances also varies with the temperature. The 
resistance of all the metals increases as the temperature rises, by a 
dafinito fraction, that of carbon and some other substances decrease. 
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The Ampere is the unit of current, and it is that which flows 
through any conductor under a pressure of one volt when opposed by 
a resistance of one ohm, or any multiples of these numbers. Thus 
one ampere will pass under a pressure of 100 volts, opposed by a 
resistance of 100 ohms. 

The Electric Circuit 

The electric circuit is the path of the current that is intended to 
perform useful work, and it must include the generator, the apparatus 
that is to be worked, the apparatus that controls the passage of the 
current through the circuit, such as the switch or the push, and the 
wires or cables connecting all together. There may be, and usually are, 
several circuits having the generator common to all of them, but the 
same remark applies to each of the branch circuits, as they are 
termed. The terms open circuit and closed circuit are expressions 
meaning that, in the first place, the circuit is not complete, and there¬ 
fore the apparatus that is to be worked by the passage of a current 
through it does not work, and in the other case that it is complete, and 
that the apparatus should work. The term breaking circuit is also 
employed, and means opening the circuit, destroying its continuity, 
as when a switch is thrown back, or when a wire or cable is parted. 
Ohm's law applies to the working of all electric circuits, whether 
single or composed of several branches. The current which passes 
in any circuit or in any branch circuit is determined by Ohm's law, 
but in the whole circuit the whole of the resistance, including that of 
the generator, must be taken into account in calculating the current 
that will pass, and in any branch circuit the pressure that exists 
between the ends of each branch and the resistance of the branch. 
Eor a main circuit the formula usually stands thus— 


R a + Kb + K c 

where C is the current passing in the whole circuit, K a is the 
resistance of the generator, R b that of the apparatus to be worked, and 
Kc that of the cables or wires connecting them together. 

It would, perhaps, be more correct to say that the above describes 
the useful circuit. A circuit exists wherever a path for the current 
exists. There is a leakage circuit, for instance, through the insulating 
substances surrounding the conductors in the useful circuit, and the 
leakage and other non-useful circuits follow the same laws as the 
useful circuit. It must not be forgotten, also, that the algebraical 
sum of all the pressures in the circuit must be used in applying 
the laws. 
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^ Series and Parallel Circuits.—These are terms that will be met 
'very frequently in discussing electrical apparatus. They mean 
ixL series the same current of the same strength passes through 



Fid* X.—Diagram showing Series-connections. The Lamps shown are connected in 
Series, the Current passing through them in succession. 


tmoli apparatus in succession. Each apparatus modifies the strength 
[C tJtxe current to the extent of its own resistance, its own pressure if 
it “foldings any, and its own back pressure if it creates any; but 
wlifxtover the working of Ohm’s law says shall be the current 
atroixgth, that flows through the whole of the apparatus, the 
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525.—Diagram showing Parallel-connections. The Lamps shown are connected 
in Parallel, the Current passing through all of them together. 


cables, etc., connected, in the series. Thus, battery cells are always 
connected in series, the zinc pole of one cell being connected to 
tire carbon pole of its neighbour, its zinc pole to the carbon of tho 
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iplied by the strength of the current passing. It is important to 
xnber that the pressure must be taken when the current is 
i»Uy passing, as it is less than when it is not passing. The 
lala for the rate of doing work is— 

W = E x C 
W = C 2 x E 


econd and third equations being found by applying the value 
' in Ohm’s law to the first. In the above, W is the rate of 
work, 0 is the current strength, E the pressure, and E the 
bance; and when C is measured in amperes, E in ohms, and E in 
, "W is measured in watts. The watt is the unit of the rate of 
£ work, and is equal to 44'22 ft.-lbs., 746 watts representing 
- P. For alternating currents, as explained on p. 20, the 
ixlse are modified by the addition of cos <j>, and become— 


W = E x 0 x cos 
"W = C 2 B x cos 0 

w _ E 2 ij cos <j> 

E ~ 


Heating Effect of Electric Currents 

?3ae heating effect, or the heat liberated by electric currents, is 
mred by the same formulae as for work, heat being one form of 
but H is used in place of W. 

Thus— 

H = ECf 

h = omt 

T, E 2 Et 

h "tt 

H is again in watts, when C is in amperes, E in volts, and E in 
3 ; and 17*58 watts equal one British Thermal Heat Unit, t being 

rime. 

Uhe Heat Unit, or, as it is written, the B.Th. Unit, is that 
Ltity of heat that will raise the temperature of 1 lb. of pure water 
aHr., the water being at 32°. 

Specific heat is somewhat similar to specific resistance; it is the 
► between the quantity of heat required to raise 1 lb. of the 
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substance T Fnlir. to that rc*«|uir«nl to raise I lb* of water I . Mont 
substances, anil particularly tin? metals, have a low *i}je<*iftc htait, this 
meaning that it takers a smaller quantity of heat to raisr their tempe¬ 
ratures. It will be seen that if is perfectly pnoiirable f« calculate 
the probable increase of tnuip'raturc of any given cable, with a given 
current or pressure appliinl lo ip fur a given time. This is dealt with 
more fully in Chapter V. 


Methods of producing Electrical Pressure 

There are four method* of producing or, ini it in mmilly term**!, 

creating electrical preamiro, nil of which are of interest to the milling 
engineer. 

1, By friction, tin in frictional machine*, w nme « *f which Mill 

survive for shot firing, in which n pbt* f < dtne I? rubbd pul * 

of silk or other Hubdunrea, Klee! rh-ify h abo grejonfed by the 
friction of steam through n pip** that of a bolt over a pul toy, aid 
generally wherever two mitotan*«*** ac* rtibWI togrelrer. umi tlm 
conditions are such that the **K tricity gremtatod «tor* not mime- 
diatoly get away, It to morn Ilian piolmble that, the cnoi mmm 
pressures that exist toiween different clouds, and Mw*«*n ccrliiin 
clouds and the earth, during 01 Imtoj#* thuietomtoi ins, m created In 
a largo extent by tins flirt inn of the tody »if the rtond against the 
remainder of the ntm«Hphvte. 

2, Ily chiffiiifiil action, un in flic January, and ^ enudary galvanic 

Imttortefi, or itmmmbtton, m tin* tore t arc roltot, An tdtotjfrkid 
pressure is ereatod whenever two 4r«dff§jtor sotounec* route mfo 
contact with each other, >m?di m two up fula, and more partriikrfy 
when two diwimibu mel&to or a metal and wtoa*, arc ptmmi in a 
liquid, an oWtrie current following when there h, •* path ojnui tor it. 
It should Is* understoml tlnif it m by no mmm n*w%ary that the 
path for the current should to* external to the liquid, In thr very 
old well-known lecture exjicniften!, wlrer* n tnw and rapper or 
carbon pinto are m dilute malpfmrr ared, mi I if m jdiowit 

that such action m flow toko phio* i* at tlm 'airfare at tlp$ %m: 
plate when no connection etfcM t** tween tie* idato*, while wlit?n 
the plains are mmmU4 hf a wire outside of the r*dl« a % ignrott* 
evolution of gas tokens plmm at flic uirtooi m mqqrr j4#to t tint 
evolution of gim will take jilur** equall? m well is the pblen m* 
made to touch mdi other iiiidn tin? aiirftjre of tin* liquid, Tin* in 
a very important want to mnmnSm, when dealing with fine ninny 
ouwsnti tint are niton unit with fours rl«1rk light fir jiower mwvm% 
Mid that are mi iiji wlmre iron and or and Imh or 

otbir are tog»*ilior in tire ptmmtv ml n Ihpiid* Ji » siipfiressi 
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that a certain pressure must exist before action of this kind can take 
place, and before the electrolysis which follows, and which is often 
so troublesome, can go on. As a matter of fact, it is difficult to have 
a difference of pressure so small that galvanic action, and all that it 
means, will not take place if the conditions mentioned above are 
present. 

3. By magneto-electric induction, as in the dynamo machine, or, 
as it may be perhaps better understood, by the passage of conductors 
through a magnetic field. In the modern dynamo one or more 
powerful magnetic fields are arranged within a cylindrical space 
forming the centre of the machine, and the conductors are caused to 
cut the lines of force within this space, either by themselves being 
forced through the magnetic field by mechanical power, or by the 
electro-magnets, as will be explained in Chapter IV., that create the 
magnetic fields, being themselves driven through the cylindrical 
space in such a manner as to change the strength of the field at the 
points where the conductors are placed. Whenever a conductor 
passes through a magnetic field, it creates an electrical pressure 
exactly in proportion to the rate at which it is driven through the 
field, and to the strength of the field. 

4. By creating a difference in temperature between two sets of 
junctions of a group of pairs of dissimilar metals, connected in one 
series or chain. This method, known as thermo-electricity, is only 
of use for measuring temperatures; but with the advance of science 
in connection with mining, and particularly with the greater depths 
and the higher temperatures that are being met with, and the 
importance of obtaining accurate information of temperatures, some¬ 
times at a distance from the points where the temperatures exist, 
the apparatus will probably be of service. Certain metals, bismuth 
and antimony notably, if plates of them be joined together, and the 
junction be exposed to an increase of temperature, will have a 
difference of electrical pressure at the free ends of the two plates. 
In practice a number of pairs of plates are connected together in 
such a manner, that one set of junctions are exposed to the 
temperature it is desired to measure, and the other set to the 
ordinary temperature of the atmosphere, or any temperature that 
can be maintained uniform and as low as possible, and the difference 
of temperature is read off as a difference of pressure upon the seal© 
of a galvanometer. 

Magnetism and the Magnetic Circuit 

Modern science has practically accepted Professor Ewing’s theory 
of magnetism. Iron and steel, and, to a very much smaller extent, 
nickel and cobalt, are conceived to have their molecules, when they 
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are not in the condition we call magneUred, forming eliwed ftgttim 
Ewing supposes that each molecule m a tiny needle magnet, having 
its north and south seeking poles, and that these little magnets urn 
arranged in groups of four or more, in such a minuter that they 
satisfy each other’s attractions, north-seeking \mhm mid south-seeking 
jk>1o8 lying together, When whnt wo call a sotinm of uinguoiism 
arrives, such as an electric current, or another iron or steel L»dy in 
the state we know m magnetized, the closed figure ujwm under the 
impelling force, the little needle molecule magnets turning nl! in 
one direction, and the attractions which were previously i5 alb4ied by 
the arrangement of tin? dosed figures an* all delivered at two point a 
or surfaces, known respectively as the north and couth police Tin: 
piece of iron or steel that has been subject to this prongs 1ms now 
acquired certain properties. 

L If freely suspended it will widetivour to lie in flie earth's 

magnetic meridian, otic* p«lu turning U> tlm earth's magnet io north, 
and the other to the ear! Ids magnetic south ; and if moved nvtsr tlm 
earth's surface it will tend to dip toward* either the north stmgnetii: 
or the south magnetic pole, according an it in in lli« iiidglil»iirlwwl 

of cither, 

2. The north-seeking pole of every magnetiz'd l«dy attracts the 
south-making pole of every other magnet i/,«d Wly t and rejmls the 
north-seeking polo, south-seeking pole* repelling smjUreomking imd 
attracting itorih-seeking, 

3* When a magnetized pit«ce of iron or w brought nmr it 
piece of iron or steel not previously magnetized, it imlitc*^ in the 
latter a state of magnetization, wieli that the nearer p»rt «< tin \m*mm 
niiignetteed in thoopi*udte mmm* to the pin* of lie* inducing Imly, 
this leading to the at f raid ion we me f uinliar with m the mm of 
electro-magnets or steel magnets for ir*m, 

4* When the. condition of magnetization ha* )m*u created in any 
iron or in any mtm of iron or steel, what are termed magnet m lines 
of force are sent out in space from the northutcektog l« the south- 
seeking pale of the lardy, Tin? line* of force assume vmmm forum, 
accoitlmg to the Issiy front which they emannfe. Where flic two 
poles of the magnetised Jjwly an* irmiigwl very clone together with 
a small space between them, tin* great majority of the hum of iumt 
pass in straight lines from one j#de to the other, Where other 
masses of iron lie in the path of the litre* of force, they modify the 
curves the latter talc, the Mitre jwitiiig prefemhiv tlumigli the iron, 
and resuming curves of various U$nm after leaving if, In tlm 
dynamo the lines of force in straight lines from the \m\m nf the 
laid magnets across the, mr spec them and tint 

and in more or less eurvid lines, ttMairding to tin* nimther i#f poles 
present, m will 1st explained in rhapter IV, in the iron of the 
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armature. The lines of magnetic force behave in many respects like 
the electric current. 

There is a magnetic resistance, or reluctance, as it is sometimes 
called by preference; that is, all bodies offer a certain resistance to 
the passage of the lines of force through them. Iron and steel offer 
very much less resistance than any other substances. Air and the 
insulating materials that are used in connection with electrical 
apparatus offer practically the same magnetic resistance, and, 
according to Professor Kapp’s measurements, 1400 times that of the 
resistance offered by wrought iron or mild steel. The different 
qualities of iron and steel offer different resistances, cast iron having 
a resistance about twice that of the best wrought iron at the point 
of saturation usually adopted. The mild steel that has been intro¬ 
duced for so many purposes within the last twenty-five years, has 
practically the same magnetic resistance as the best Swedish wrought 
iron. A special form of steel made at Sheffield by Messrs. Hadfield 
and others has a rather lower magnetic reluctance than even the 
best Swedish iron, while alloys of iron and nickel, and of iron and 
manganese, have very high reluctance. For nearly the whole work for 
which magnetism is used, excitation is by means of electric currents 
passing in wires, coiled round the mass of iron to be magnetized; 
and there is a definite relation between the strength of the current 
passing in the wires, the number of times they pass round the body 
to be magnetized, or the number of ampere turns, as it is usual to 
express it, and the number of lines of force created in any electro¬ 
magnetic system with any given magnetic reluctance. The number 
of ampere turns is sometimes called the magneto-motive force, and 
it bears the same relation to the magnetic reluctance, made up of the 
resistance offered by the iron of the field magnets, etc., of the system, 
and the air spaces, as the electrical pressure does to the resistance 
offered by conductors and insulators to the passage of electricity. 

What is known as magnetic permeability is the ratio between 
the magnetic flux density, the number of lines of magnetic force per 
square inch, or per square centimetre, when a metal is present, and 
that when only air is present, and this ratio is expressed by the 
Greek letter jx. It is usual to express a flux density that would be 
produced in air with a given number of ampere turns by the letter 
H, the number that is produced in a given specimen of iron by 
the letter B, and the ratio between B and H, which expresses the 
relative permeability of the specimen, by the Greek letter fx. The 
permeability varies from 0*999 for bismuth up to 4000 for special 
qualities of Swedish iron and magnetic steel. 

In the dynamo, and in every electro-magnetic apparatus, there 
is a magnetic circuit, built up of the iron cores of the electro¬ 
magnets, the iron yoke connecting them at the back, and the 
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iron armature which, with the air apace the iniigntitics pile 

and the armature, completes the circuit. The mmpkiit amt, and 
one which shown the magnetic circuit in its simplest form, in 
that commonly employed for electric India mid similar apparatus 
Commencing from the north-neeking p#k of the electro-mugnot, 
the lines of force pawn immm the air Hpaee to the iron arum!are 
in front of the poles, through the. iron arinutur<» to tin* nir upm*! 
opposite the south-seeking pole, across the air ajmee In the Kmith- 
Heoking pole, through the iron core to the yoke, thrmigh flu* yoke 
to the other leg of the magnet, down the ether leg to the north- 
seeking pole. In the dynamo there may U\ ntnl in the modern 
dynamo usually are, several magnetic rirenim, huf the lines of force 
pass in exactly tlm same manner, from tie* imitlesieeking p4r m^rnmn 
the air space to the armature, through a portion of tint armature, 
the air apace, and through the magnet amt its yoke. 

The larger the cross-section of tin? magnet cores nnd the shorter 
their length, the lower is the magnetic relaefanuo of that part of 
the magnetic circuit ; and the shorter the ditdimm lietwmi tlieir 
magnetia pile and the armature, ami tint larger the area of the 
armature embraced by the magnetic jade, the hmer m the restance 
of the important portion, the air spurn*. 

Difference between Alternating and 
Continuous Currents 

The apparatus that have been two* wiiat have lawn 

termed, in contra-distinction to thn alternating form, continuous 
current*. The continuous current ptuwca always in tin* name iltrec- 
ticu. Whether it bo a wave motion or a proctMsion of charged 
corpuscle*, it commences from one pole of the generator called the 
positive, passe# through thn wires, cables, «tc., connecting the 
generator with the apparatus to lie worked, through the apparatus 
to be worked, the cables, etc,, completing the circuit, 1**4 to the 

f aerator, and through the generator to the jwsitive p»!« from which 
set out Alternating currents are constantly changing in direr* 
tiou and in value. Thus, a current will ml out from one pole of the 
generator which for the moment is the will >*m through 

the cable* and the apparatus to be worked, lack to the other pole 
of the generator which for tiie moment is the negative pole, and 
dmragh the generator to die pole it net out from. Thun a current 
m the opposite direction sets out from the pole which wan the 
negative with the first current, and pee through the circuit and 
the generator in the opposite direction to the flntt. This la sue- 
seeded by another mutant in the first direction, and so on, tee 
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opposite currents succeeding each other at from fifty times a second 
upwards. In addition to this, the currents are constantly changing 
in value. The first current which commences is at first very weak, 
it gradually increases to a maximum, then gradually falls to zero, 
and it is when it has fallen to zero that it is succeeded by the 
second current in the opposite direction, which also commences 
from nothing, rises gradually to a maximum, falls to zero, and is 
again succeeded by a reverse current. The laws governing the 
working of circuits in which alternating currents are used are the 
same as the laws governing those in which continuous currents are 
used, but certain additions have to be made to the equations employed, 
and certain values have to be taken for the pressures and currents. 

Virtual or Effective Volts and Amperes. —For the calculations 
that are employed with alternating currents for Ohm's law, etc., what 
are termed virtual or effective pressures, and currents are used. They 
are the pressures and currents which would perform the equivalent 
heating, if continuous currents were employed. What is required is 
a certain average pressure and average current, but the ordinary rule 
of averages will not apply, because the currents and pressures do not 
increase in the regular proportion, but in that in which the values of 
the sine of an angle ranging between 0 and 90° increase, and it is an 
average obtained from the changes in the value of the sines. Stated 
accurately, the effective or virtual pressure or current is the square 
root of the mean of all the values of the pressures and currents 
throughout a half-period. A complete cycle or period consists 
of the increase from zero to maximum in one direction, the fall to 
zero, the increase to the maximum in the opposite direction, and the 
fall to zero again. The rule for the effective values is based upon 
the fact that the heating value of any current, and of any pressure, 
with the resistance of the conductor constant, varies as the square 
of the current, and as the square of the pressure delivered to the 
conductor. The mean required is the mean of the heating effects 
of all the values assumed by the pressure and the current, and 
obviously the square root of this sum, whatever it may be, will be 
the effective working or virtual pressure and current to be used in 
calculations. Put in another way, the effective pressure is that 
which enables makers of incandescent lamps to label their lamps 
for any pressure, which is applicable to continuous or alternating 
current supply. The effective pressure and the effective current 
are both 0*707 of the maximum pressure and current reached in 
either the positive or negative direction ; or, put the other way, the 
maximum pressure and the maximum current in either direction are 
1*414 times the effective or working pressure and current. One 
important effect of this will be seen from the fact that when we talk 
of an alternating current of 100 or 1000 volts, we actually have 
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pressures at different instants, 141 *4 volts in the one awn, and 1414 
volts in the other ease of opposite name; nr a difference of pressures 
at successive instants, half a jx'ruxl. apart, of 28U-B and 2H2H volts 
respectively. 


Two-Phase and Three-Phase Circuits 

The alternating current dertcrilted on p. 14 is known n« tin* single- 
phase current. In France it is usually cal hat tic* simple alternat¬ 
ing current. Both terms are employed to distinguish it from 
two, three, and poly ph«*<* currents. Two pha ’e current i an* merely 
two single,-phane currents, usually generated in one imehim*, which 
follow each other, separated in time hy a quarter of n jtertod. 
The currents of the two phases have the same jauiodhity. If fifty 
periods is the frequency, each current eomph ti't it.- eyrie, rising and 
falling and reveisiug in one-Jiftiet U part of a .(eeoitd. But the second 
current docs not commence to rr*« r.n its jsmitive side until the first 
current has passed through a quarter of its cycle. That is to say, the 
second current is at its zero, commencing its accent to its jssdtive 
maximum when the first current has mailed its positive maximum. 
When the second current reaches its positive maximum, the 11 rut 
cmront has reached its second z»*ro. When th« second current 
roaches its second zero, the tlrvt current has reached its negative 
maximum, and so on, the two current■» living always repiraP'd hy a 
quarter of a period, or hy an angle of pit*; or, in it h often expressed, 
they are in quadrature. 

Three-pnase currents am merely single-phase current** stiecml- 
ing each other in the same manner as the two currents of a two-phase 
service do, hut the eumints are ncjiarated hy an interval in tunc of 
one-third of the total period of the snigle-phaae c!»rr**nt. That is to 
say, with three-phase eummts the second eumint to rift* 

when the first current has completed on«**third of its cycle; that is, 
when it has reached its maximum, and neeoinplwlmd one-third of its 
descent to its second zero. When the second current reaches tts 
positive maxitiumt, the first current has passed through its wend 
zero, and is one-third on its way to its negative maximum, and mi on, 
the two currents being always one-third of a period or 120** apart. 
The thin! current commences when the second current has accomplished 
one-third of its cycle, and when thn first current has accomjrliabed 
two-third* of its cycle. When th« third current is at its first mm, 
and at tout to commence its first aamit to it* positive maximum, the 
second current will Is* passed through its jiomtivo maximum, and tie 
one-third the way down to its second zero, while the first current 
will he passed tlirough its second xero, and 1st two-third* on its way 
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to its negative maximum. The third current follows the second 
current in the same manner as the second current follows the first, 
the three currents always being separated by one-third of a period in 
time and 120°. 

In America, four-phase and six-phase currents are sometimes 
employed, particularly six-phase, though they have not hitherto been 
used in this country. 

With four-phase currents there are merely four single-phase 
currents, separated in time by a quarter of a period, and succeeding 
each other at the different maxima and zeroes by this amount. With 
six-phase currents there are six single-phase currents, succeeding 
each other at intervals of one-sixth of a period of the cycle, and 
being always separated by that amount and by 60°. 


Electrostatic Induction and the Capacity of 

Cables 

The electrostatic capacity of cables has only recently become 
of importance in mining work, and only owing to the fact that 
difficulty arose in measuring the leakage currents on three phase 
services, because the capacity currents apparently masked the leakage 
current. 

When an electrical pressure is applied to any cable, and more 
particularly when the cable is either lead covered or armoured, before 
the current which the pressure causes to pass through the cable can 
reach the end of the cable, an electrostatic charge has to be delivered 
to the insulating envelope of the cable. The insulating envelope, 
whether it be indiarubber, bitumen, paper, or fibre, has what is 
termed an electrostatic capacity; that is to say, a capacity for absorb¬ 
ing a certain quantity of electricity in the same manner as the Leyden 
jars, with which we are so familiar on lecture tables, do. The insu¬ 
lating envelope may be likened to a sponge into which the electricity 
soaks, and the current that is to perform work at the end of the cable 
cannot pass on until each length of the insulator—each foot, inch, 
yard, etc.—has soaked to its full capacity. 

The quantity of electricity the insulator will absorb depends 
directly upon the pressure between the conductor and the lead 
covering or armour, or whatever the outside of the cable may be in 
contact with; it depends also directly upon what is termed the 
specific inductive capacity of the material itself, that of indiarubber 
being 2*34 to 2*94, and of the impregnated paper used for the 
insulation of paper-covered cables 2*5. 

It also depends directly upon the extent of the surfaces of the 
conductor, and of the armour or lead covering, or other substance on 

0 
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the outside of the cables, that arc opposed to each other, tind iinversely 
upon the thickness of the insulating riivefop, It will be mnm that 
it ib an advantage in this matter to ha%e u thick insulating envtdoj**, 
and that ] wiper-covered cables have mi advantage nvii both iiifliii- 
rublmr and bitumen covered. It will be seen, also, that Ion# cables, 
such as arc often used in mines, wav have n nmipamtividy largo 
electrostatic charge; and, further, that tin* rabies employed with three 
pliase work are under the brat condition* far absorbing n romjara- 
lively large, charge. When the pressure is removed, m when the 
circuit m opened, tin* charge which in held in the cable h release^, 
and immediately commences fo How ba«d; into tfitn eonduetor from 
which it was received* A doorcase of tinware ojierafei in tint 
same manner, though to a smaller degree than a complete eolation 
of the prefigure. A ho, an inert we of prc^titv operator exactly m 
a newly arrived pressure, With alternating eurrentos the pressures 
arc continually rising and falling and reversing, and therefore in 
cables that arc employed for nHcniating enrietit services, the enn« 
denser, as it is called, formed by tin? conductor, its insulating 
envelope and the extermd conductor.*, h being continually charged, 
discharged, and leehargcd in the operate vlirectfon, the modi I icing 
that there is an absorption of n certain quantify of «d* > *lri* , #il energy 
hy the insulator of the cables* 

The returning eurreni from the condetwr give's rbe to nn electrical 
pressure in the conductor, not actually in opj#o4fion to the nr*wire 
creating the cuneiit from which fie* et found rundeiirer charge in 
obtained, tail in quadrature with it, That v\ to my, the pressure 
created hy the condenser action twntpim the mim with 

reference to the pressure etealiiig fhe current normally in the mn* 
ductnr, as the two current'* in a two pie***' amice do to wit other. 
The pressure created by tli«i eoinletiier ip ifon hm wktf fo known m n 
few/. After the service he* \m%\ ist ojrnttion n HtitiirtVnt tiitr to 
charge the eotidettw*^ and to allow it to dhefonge, rim ptfuture 
created hy the mmimmir fo in the |*#itson tliiif would b* lepreaciitai 
hy a mimmt W in advance, 

Tim eninktnifer pmmmm opjtowfi that mmUd by p\n>\w*tm$twik 
induction, as dweritad an p. 1P # and if Um two mn U< nrnln t« 
balance, llm primary pressure fo km than it *4herwfoe would \m* 

If it k not linktiiwl, im mMifmtml preicusm \m m Im added tu ftps 
ordinary tiretiiifi! than would Ut tmwmmry f« drive a given current 
through the system of conductors forming the wr? m% flm midmmm 
pi wmm is, however, usually of very littiu im}mrn§mh 
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Electro-Magnctie Induction 

In addition to charging the electrical cnndenier, of which ili<* 
conductor of a cable forms a part, the current which pactr'i lhj'Uigh 
any conductor under the influence <4' an elm t rival pic ouic ha i to 
create an electro-magnetite field around each unit, on h inch or yard 
of the conductor, before it can paw on to f he ucU im-h, yard, 

With continuous currents this phenomena, a* aim that *4 the con 
denser charge, merely delays for a very iitappria-iahl*' time the lira 
passage of the current through the conductor*, and fie* apt* rnito * t Icy 
ant connected with. But with alternating currents. which «re reong 
and falling and reversing constantly, there is a const uit creation of an 
electro-magnetic field round the conductor, and a constant delivery of 
the energy which created the field, to the. conductor from which »> 
was taken, a constant recreation of the field in tie oppmtt** •••>*« *»* 
followed by a redelivery to the conductor, and » nn, Tin > 1 «m»!s to 
what is called the huj of the current behind tin preo *ure whe h 
creates it. 

Even with alternatingcurrents the lag ii not of impui.(tioi with a 
straight cable, unless the cable is very burg, and the tf *, of tf,« 

current is very high But in nil dynamo machines. whether e.tn 
stracted for generating current, or foi converting current toto 
mechanical jKiwor, the conductors which create the magnets ft.-Me in 
the machines arc coiled on thomselves a very largo numbm <4 siihm, 
and the variatiorr of this current in each cod auto upon all lie* htrtmd 
the conductor, the result l#*ing that the total inductive .that, the 
self-induction as it is termed, in multiplied very «-r>m>id*iat.Jv. and 
with alternating current dynamos and motore, the tar; * »u 0*4 by the 
electro-magnetic induction is often very eonddemhle. 

The reduction creates a prcHsurn sui tng at rigid angles to the 
pressure of the service. The pressure created hv >4orfio magm-te 
self-induction is in direct opposition to the piewmc created by the 
electrostatic induction. The elect ro-magmitir mdutiion *<i, however, 
by far the most important of the two, and it usually leads to ih* 
necessity of modifying the formula for calculating the power««*j„oi4r»t 
in any ebjctrirsal circuit, hy the addition of a factor allow mg to* »{,,« 
current not acting at the same instant as tint j*r**4«<u». With He* 
great majority of alternating current ctremfs, especially where sh# »»t 
ate a number of motors in use, the current lags considerably !«*him! 
the pressure that creates it, owing to the f4«viroimjgnettr indm ten 
referred to, and only a certain portion of the current *a» f*. mien ** 
acting at the same instant as the prewmw. tins factor »* pro. 
portional to tlie oosine of the angle by which tin* current tei'u,*! 
the pressure. If the pressure 1« represent**! by « i^liut *wi«p<ug 
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out an angle round a centre, the current is represented h v a second 
radius a certain number of degrees behind the first, and it is the 
cosine of the angle between the two that reprefteuLs flu* additional 

factor that has to bo applied to the ordinary |*ower formula. The 
angle in termed tj> f and cosine f is called the power fiictor. Reference 
to a table of cosines will show that when the angle in ft, the cosine 
=s 1, ami when the angle in 1)0, the cosine « 0, 

In practice it is usual to take the value of mum* f for cnlmtla- 
lions its 0*8, but it may have as low a value as 0*f* # and with what 
are termed non-inductive circuits, circuits tit which only incande¬ 
scent lamps are employed, and lit which there nns no ch^dro-iitngitets 
or other arrangements of wires coiled on catch other, it h usually I, 
or nearly so. 

The Impressed Pressure in Inductive Circuits. The premier 

of electro-magnet iu ami elect rnatntm induct inn obligor n higher 
pressure to bo maintained by the geimmfor than would otherwise be 
necessary, unless the, two inductive actions neutralise each nihei. 
The additional pressure required, or thn total improved pressure or 
impressed voltage, m if is formed, is found by n %impb adaptation 
of the pfirailfdogrant of forces employed in mndmiiirH The prelum 
creating the current and the induced prewure* are nf tight angle* to 
each other,an explained. If, then, the two are net out in the manner 
of the parallelogram of forces, the original pressure «leiaiiii«lte{ by flic 
ohmic resistance of the circuit forming one mh* of the parallel* igram, 
the net induced pressure forming another idd*\ ami the ttamlltdogmot 
be completed, the diagonal of tin* paralbdngruiii, wJurii in also the 
hypothenuae of the triangle formed by the original tnmml pressure - 
the f'^It pressure, m if is often etprewd —and flic induced pressure, 
given the value of the impressed pressure, and if may be measured 
graphically by scale, or calculated by using tie* 41th ptopoduon of 
the first book of Kuclid, tin* senate roof of the impressed preoutre * 
the square roof of the mini nf the square of the current amt induced 
pressures; or, put into a formula — 

K»* » k » + K,* 

or li ** \/K/ + KA 

where K, is tlm unpriced E that tine to tli« current, 

and B* tlmt due to induction. 

Electrolysis 

Electrolysis is Uni \kmmmm% which opomti^ in ffnhmw 
batteries, kith jmmmry and secondary, muting tlm liquid dmimlyte 

to lie if lit up into its iiiiifijwiiiiiitiy outs body of lie eemf jrme&bi f tit® 
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non-metals, appearing at the anode, the plate where the current 
enters the liquid, and the other the metals and hydrogen gas, which 
behaves as a metal in this case, appearing at the cathode, the plate 
where the current leaves the liquid. In the Leclanch6 battery the 
electrolytic action splits up the water and the chloride of ammonium 
(sal ammoniac) into its components, the oxygen and chlorine gases 
appearing at the zinc plate, and the hydrogen and ammonia gases 
appearing at the carbon plate. In this case the hypothetical metal 
ammonium is delivered at the carbon plate, and is split up into 
ammonia gas and hydrogen gas. It is the hydrogen gas which gives 
so much trouble in the primary galvanic battery. When it is 
delivered at the carbon plate it sets up a pressure opposing that of 
the primary current which created it. In the secondary battery or 
accumulator, the solution of sulphuric acid is split up into the acid 
radicle S0 4 and hydrogen, the acid radicle being again split up, and 
this being the source of the oxygen on the one hand, which oxidizes 
the active material on the positive plate to a higher oxide, and of the 
hydrogen, which reduces the active material on the negative plate to 
the metallic state. But electrolysis has a very much more im¬ 
portant bearing upon the use of electricity in mining, than merely 
the part it plays in batteries. Wherever a current passes through a 
liquid, no matter how small the pressure may be, and no matter how 
small the surfaces of the metals from and to which it passes, nor, 
again, how small the quantity of liquid through which it passes may 
be, electrolysis takes place, the liquid being split up as explained; 
and as all liquids contain oxygen and hydrogen, oxidation of the 
surface of the metal from which the current passes also always takes 
place. This leads in many cases to metals about the mine being 
eaten away, sometimes in a mysterious manner. Under the very 
best conditions leakage always takes place from the lighting and 
power service, and the leakage current finds its way by every path 
that is open to it back to the machine; and it often happens that the 
path includes metals, such as iron rails, ropes, pulleys, and so on, and 
wherever the current passes from a metal, it invariably attacks the 
metal. The current may be small, but it is always acting, and the 
results may be serious. 







CHAPTER II 


ELECTRIC MINING SIGNALS AND 
TELEPHONES 

Electric Mining Signals 

Theke are only two forms of signal employed now in mines, those 
for signalling from any part of engine roads to the engine-man and 
to the hooking-on stations, and those for working the cages in the 
shaft. Shaft signals have not even yet been much adopted in 
English mines, but engine-road signals are almost universal. 

The Engine-road Signal. —In the engine-road signal there are 
two or three naked galvanized iron wires stretched tight to the full 


Bcll 



Fig. 4.—Diagram of Two-wire Engine-road Signal, with one Bell, Battery, 
Switch, and Centiammeter. 


length of the engine road, and secured to insulators which are held 
by the props on the side of the road, or, where that is not convenient, 
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by the beams, or again by stout plugs driven into holm drilled in the 
coal or rock. In the simplest form of signal tlwre are two vnm i: h #| tfe 
boll, and a battery In the engine-house, and a rimiil n f»«i mod, in 
shown in Fig. 4 , ho that when eonneotion k outdo !«*f w**»*n Iwn 
naked iron wires at any part of the engine* road, tli» % Divnif, i ? * 
completed, and the btdl ring**. An extension of ihh in f)i« byititl 
working to an engine-house at bank, with a r*!j*eiting bell at the pit 
bottom. In this ease the hell and buttery an* in the engine Imin^ at 
bank. There are two iusuIaUtfl copper wires in fie* abaft, and thev 
are connected to the miked iron wires in the eitfftit * 4 road in 'on li a 


Bell 



Fio* 5.— Diagram of Two«wtro &n%tn»*rm4 Hi$mh »w V*t 

th® Shaft-bottom ami MU, a** 

Battery, Kwiteh, mi €§rnlm»wmtmr. 


manner that, as shown in Fig* B $ the two MN am mlmkd m I bo 

cirniH when connection k mmh between tlw iron mt*m, An^llwt 
extension of the signal is 4mwm in Fig, »*, when* there k n Ml and 
battery In the engine-home, mid n iiwnd Ml #y. t)*** ri,4 «,f if#* 
engine rood with three wires, mnmriim lniwivn tm* uf wb**h . 
pletas the circuit and rings both holla, A further m4 

one that has come very much into m** mum the general #4 

the endless rop« system, K there m it Ml in the and * 

battery as before, a hell nt tint end of fJ m mad, wid mu** ,p iMrl* *4 
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the hooking-on stations. There are three wires, and connection 
between two of them muses all of the lieils to ring together. The 
Twills may be commoted either in series or in parallel, an shown in 
Figs. 7 and 8. The series system requires the largest munlwr of 
cells in the battery ; the parallel system requires that there shall be 
the largest individual cells in the battery, if tins signal is to keep up 
to its work, as it make.? the largest drain. The parallel system also 
requires that the lad Is shall be exactly alike in const ruction, and 
especially that the resistance (if the bell coils shall be exactly alike. 
The resistance (if the bell eoils is higher than would be necessary 
with the series system so as to allow for the difference in the 
prmsuro at the hells farthest from tlie battery. If one of the India 


Bell Reu. 



has a lower resistance flam fhe others, it will take more current than 
they do, and may lead to the others not working, i»j*cmlly when 
the battery works down. 

The Willis Engine-road Indicator Signal.- This is n further 
development of the engine-road signal that ha 1 * l<eeti worked out by 
Mr. Willis, of the, Lycott Collieries in North Staffordshire, and applied 
them with success. A difficulty is sometime* met with in letting 
thn engine-man know what jjortion of the toad has stopjied him. 
The usual practice is one raj* on the bell ts given for " stop," two or 
three raps for "go on." With the endless tope system trams an* 
being hooked on at all parts of Urn road at all times, ami the rope is 
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required to be stopped only when the hooker-on has trouble with 
his tram. It may and does often happen that two or more 



Battery 


ilil'UUHS 


Centi am meter 


Pig. 7.—Diagram of a Three-wire Engine-road Signal for Endless Rope Haulage, 
with Bells at each Branch Road, the Bells being connected in Series, with one 
IBattery, Switch, and Centiammeter. 


lioo!kers-on rap for “stop” at the same time, or in immediate suc¬ 
cession, and the man who gets his tub clear first will rap “go on,” 
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Pig. 8.—Diagram of Three-wire Endless Rope Haulage Signal, similar to 
Pig. 7, but with the Bells connected in Parallel. 


not knowing that the other man is not ready. If the engine-man 
goes on he may cause damage to the tram, and possibly to the man 
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who is handling it. The Willis system is intended to prevent this 
by showing the, engino-inan which section has stopp'd him, anil then 
he will not go on again, no matter who else signals him, until he, 
receives the signal from each one that has signalled ’* stop." Mr. 
Willis divides the road into u certain numlter of sections, presumably 
according to its length. A mad is divided into six sections, as 
arranged in a set of signals in practical use at Lveett. The naked 
iron wires that were deserilsHl in connection with engine-mad 
signals generally are employed ; hut one of them is broken at each 
junction Iwtween successive sections, and at the break an electrical 
resistance is inseried, which is also made to do duty as a relay, as 
will lto explained. It will he seen that in the first section of the 
mad, that nearest to the engine-house, the only resistance in the 
circuit, when a signal is given, is that of the two naked iron wires, 
and that of the apparatus in tint engine-house. In the second 
suction there will is* the resistance of the iron wires of the tirst 
section, that of the resistance interj»used Imtween the two sections, 
and whatever portion of the iron wires in the second seetiou may 
Ik* included up to the signalling point. In the third section there 
will Isi two additional resistances besides the iron wires, and so on. 
In the engine-house there an* as many relays as there are sections. 
The relay is described on p. dfi. It is, shortly, an electro¬ 
magnet, through which a small current is intended to pow, and 
whoso armature is intended to elosc a second circuit, bringing 
into operation a larger current, with Isdl and buttery, or whatever 
may 1»» arranged. In addition to this usual arrangement, Mr. Willis 
oanses the armatures of his relays in the engme-honw to perform a 
double office. The relays an* all connected in series, the current 
pissing directly to tin* coils of tins tirst relay, thence to the armature 
of its relay, and from the tack stop of the first relay to the coils of 
the second relay, from thence to its armature, and from its lack 
stop to the coils of the thin! relay, the, l»irk stop of the thinl rainy 
to the coils of the fourth relay, and ho on. Ho that if the armature 
of any nday of the. series is nulled tip to its eltsdrn-iuagnet, tho 
circuits of all the relays tahind it are broken, and no current jmsses 
to them. Thus, if the first relay is actuated, the second, third, 
fourth, fifth, and sixth relays are all dead. Then* ii a separate relay 
for the ls'11, actuated at the same time as each one of the other relays, 
and working with them. Tim different relays arw arranged to 
ntapmd to the current from the different w'etiens of the mad, No, 1 
relay to No. I soot ion. No, 2 relay to No. 2 section, and so on. The 
armatures of the relays are oppittwl by springs. Mr, Willis occasion¬ 
ally uses weights of gradually deerejwtng tension or leverage. The 
tension of the sjffing, or the. ltmuago of the weight opposing the pul! 
of the electro-magnet of No, 1 relay for its armature is stronger than 
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that of No. 2 ; the spring of No. 2 is stronger than that of No. 3, and 
bo on. The currents arriving from the different sections are weaker 
aB the section is further from the engine-house, the current from 
No. 1 section being stronger than that from No. 2 ; the current from 
No. 2 stronger than that from No. 3, and so on Hence it follows, 
if everything is in order, that the' relay of No. 1 will only respond to 
the stronger current sent from No. 1 section; the relay of No. 2 
will respond to the current sent from No. 2 section; but not that 
from Nos. 3, 4, and so on. The current from any section passes 
through its own relay, pulls up its armature, cutting off the weaker 
relays behind it, closes its own local circuit with the battery pro¬ 
vided for it, and shows, either by means of a disc in front of a 
glass, or by a lamp behind a glass, the section which has signalled. 
The bell, which is common to all the sections, has its own relay, 
which is actuated by the smallest current and rings from any 
section. The resistances which are interposed between the sections 
of the iron wires are made to do duty as relays to work the 
return signal bells. On the endless rope-engine road it is usual to 
have a bell at each hooking-on place, and in this case the engine- 
man will ring all the bells from a key in the engine-house when he 
is going to start, so that all the hookers-on will know. The principal 
difficulty in connection with this apparatus is, maintaining the 
tensions of the springs at their proper figure. Some years ago, when 
electric signals were first being introduced into coal mines, this 
would have been serious. At the present time, when electricity 
is so largely employed about coal and metalliferous mines, it ought 
to present no difficulty whatever. The electrician who can look after 
a dynamo, a motor, starting-gear, etc., can, if he will, easily look after 
an apparatus of this kind, and it appears to the author that the 
application of the apparatus is capable of very considerable 
extension. 

Sources of Current for Mining* Signals 

As is explained on p. 28, open-type Leclanchi, open-type 
mercury bichromate, and dry batteries are usually employed for 
electric signalling, the last gradually displacing the others. In the 
early days of electric light in mines, however, several signals were 
worked by means of current taken from the lighting service; but 
this is very dangerous, and is absolutely forbidden by the Home 
Office regulations for the use of electricity in coal mines. There is 
no reason, however, that in those mines where there is a power 
service, no matter what it may be, whether 500 volt continuous, 
440, 500, or 3000 three-phase alternating, that it, or the lighting 
service, should not be used to work the signals, by the aid of motor 
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gun orators. As will bo nxplained in Ohiiptor IV,, the motor generator 
consists of two distinct machines, t,ho axles of the revolving portions 
of tho two being mechanically connected. One machine receives 
current from the; supply service, transformed down if necessary by 
stationary transformers, as will he explained, to any convenient 
pressure. Jt runs as a motor, and drives the other machine as 
a generator. The second machine generates current at whatever 
pressure may he desired. In the present instance it might 1m 
a pressure of 10 or 20 volts, and the current might lie any that 
was convenient. If the motor generator is properly constructed, 
there should be no connection whatever lietwera the supply service 
and the electric signal service, while the hitler would be worked 
very much more conveniently, and indicating lamps might lie 
added to the present hell signals with great advantage. i)m of 
the difficulties in connection with Mr. Willis" indicating signal, 
and for which he has felt obliged to pro vale nn ad jus table rheostat, 
viz. the difference in the current strength delivered to the signal, 
owing to the different condition of the buttery at different times 
as its life increases, would lie completely With rtMUtcm- 

able attention the current delivered to the signals should be 
practically the same at nil times, and Mr. Willis* or any similar 
apparatus should easily lie able to lm worked Further, motor 
generator could he placed in any convenient position where it 
would ho handy to have, nn eleelriu signal, flift attention they 
require Inring very small, if proprly arranged. A battery of 
accumulators may also he, urnsl for working any individual signal, or 
for working all the signals about the mine, Mr. Willis informs the 
author that ho has adopted the latter method ni I#yt?«ti f A similar 
method, but with large k*rdinirli/$ iijMui-typu nil la, was lutfiptid at 
Annciftlciy Colliery many ymm 

Forms of Galvanic Battery 

At tins present time l Imre are only three fomes of primary 
galvanic lmtUsry flint an? i4' any urn? f«,r mining work, ami two of 
thorn are giving way rapidly to f ha thin]. 

The forma are the open-tyjw or wet Imelmieh/t, the mercury 
bichromate, and tins dry coll. Tim livlane.W battery hardly re¬ 
quires description. It consists of an outer glass or earthenware jar, 
containing a solution of sal ammoniac, in which are immersed a xinc 
rod, having a cornier win? attached to it for the purjswe of connecting 
to the next cell, or to the service, and a cylindrical porous cell 
holding a lead-capped curiam plate standing in’a mass of carbon and 
oxide of manganese, crushed to alsmt the sire of a j#«a, the jmrou* 
cell being scaled over with pitch, and the lead cap having a brass 
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terminal screw for action. There are several chemical actions going 
on in the Leclanche cell when it is furnishing current, the principal 
of them being, the zinc is dissolved in the solution, and the oxide of 
manganese is gradually deprived of a portion of its oxygen. In 
addition, the sal ammoniac is gradually used up, and the pores of the 
cylindrical jar are also gradually filled up, so that a large increased 
resistance is offered to the passage of the current. 

In the mercury bichromate cell there is the same outer contain¬ 
ing jar, usually of glazed earthenware, holding a solution of either 
bichromate of potash and sulphuric acid, or of the commercial 
chromic acid, which contains a large percentage of sulphuric acid; 
a cylindrical porous cell standing in the solution, and having inside 
it a zinc, made in the form of a truncated cone with a stout cylinder 
above, into which a copper wire is cast. The zinc stands in a bath 
of mercury in the porous cell, the latter being filled at first either 
with plain water, or water to which a small quantity of sulphuric 
acid has been added. There are also many complicated actions 
taking place in the mercury bichromate cell, the principal of which 
are the gradual dissolving of the zinc in the solution in which it 
stands, and the gradual using up of the bichromate of potash, or the 
chromic acid, the porous cell also having its pores gradually filled 
up as in the Leclanche. The mercury bichromate cell has much 
better staying power than the Leclanche, but it is sometimes more 
difficult to look after, and the acid is more unpleasant to handle than 
sal ammoniac. 

The dry cell is really an enclosed Leclanche cell. It consists, 
in nearly every form, of a thin hollow cylinder of zinc, and a carbon 
rod with a mass of crushed carbon and manganese compressed round 
it, the rod with its manganese standing in the middle of the zinc 
cylinder, and the space between it and the zinc being filled with a 
pasty mass, consisting either of plaster of Paris, gypsum, or other 
substance, mixed with a solution of sal ammoniac. The top of the 
zinc cylinder is sealed over with pitch, and in the best forms the 
whole is placed inside a glazed porcelain cylinder. The action of 
the dry cell is exactly the same as that of the open Leclanche, and 
its useful life, its ability to do work, depends upon the quantity of 
oxide of manganese that can be usefully exposed to the current, and 
upon the quantity of the solution of sal ammoniac that can be held in 
the pasty mass of plaster of Paris, etc. The dry cell is making 
headway because it is so clean and so convenient. The battery man 
can easily take a few dry cells down the pit in his bag, or can keep 
a few in a cool place near the battery, and it is a very simple matter 
to change any cells that are run down. They are not' so economical 
in material as either the open-type Leclanche or the mercury 
bichromate, but in the great majority of cases they are very much 
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more*, economical in attendance, and Urn labour wived more than pays 
for the additional material used. Unfortunately there are only a 
few forma of dry cell that are really reliable, though improvements 
in manufacture are gradually bringing more mid more into the 
market. 

Fitting tip Engine-road Signals.— Engine-road signals are 
usually fitted with No. 8 galvanized iron wire, stretched tightly along 

one side of the, road, and fixed 
to small reel insulators of glazed 
earthenware. The insulators nns 
j’- 1 ' about 1 \ inches in diameter. 
’ j They have n hole through the 
centre large enough to take a 

Fici. 9*—E#el Innulfttorii tiw'tl with No. 211 ir«>»-w<K#i screw, and 

Kngiuo-read Sigimlii. they have a groove on the edge 

in which the galvanized iron 
lays. The wire is bmud to the insulator by thin galvanized iron 
wire. They are shown in Fig. if. 

Note. — In landing wires to insulators, whether the wire#* nre 
covered or not, la* sure always to us© tint mmm kind of win* for the 

binding m the conductor is Hindis of. Use galvanize! wire for 
binding in galvanized iron or nUm 1, and cop|*sr win? f«#r landing 
copper conductors, never the reverse of thm?, or galvanic action will 

be set up that will inevitably lead to trouble. 

Another form of insulator that hm lawn employed is otic—a 
modification of that which in used fur fixing covered ideelrie light 
wires in buildings™- where the wires an* not laid in w*#m,i boring or 
conduits. This insulator is made in two halves, that is to m)\ two 
discs, each having a hole for the arrow in tin* rent re, mid ear h having 
a groove cut along the fare of the parts of tin? insulator width mum 
together, in which the wire ran lie and f*r held tight by screwing 
the two parts of this insulator together. Another form of himibitor 
that has btoit employed is a md made of vulrantzid mdiartibber. 
It# is rather lew expensive than tin? ghuwi earthenware, floes not 
break so easily, but is not na strong. It h shown in Fig. Id, For 
straining iron wires, too, at the emb of the road*, a very much 
stronger insulator is employed, known m the. slavtkle or shackle 
insulator. It is $ inches in diameter, abml 2 tiidiei thick, with a 
holts in its contra largo enough to lake a | ditch bill, mid n groove 
about its edge large enough for two tkieknee4e'4 of the iron wtw 
fet Mi in. It m shown in Fig, 11. The dmekle mutilator m held 
between two galvanmal iron straps by means rtf a giilvatiizwl mm 
bolt or nut, the other ends of the straps fusing treuml to a prop 
or any convenient position by an mm-wood screw. He end of Hit 
mn mm m taken twites round the groove in the body of the 
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insulator, and is secured by being twisted several times round its 
own part. The iron wire is then stretched out to the full length 
of the road by means of a telegraph wire-man’s straining vice. 
The straining vice consists of a hand-vice attached to a small drum 





Fig. 10. —Forms of Vulcanized Bubber Insulators made by the 
Avon Bubber Co. 


with a ratchet and paul, the connection between the two being 
by means of a swivel. The vice is clipped on the wire, a small 
length of another wire is attached to the small drum, and the wire 
is tightened up to a prop ahead, another vice tightening up in front 



Fig. 11.—Forms of Shackle Insulators used for terminating 
Engine-road Signal Wires. 


to another prop, the whole being secured to the insulators after 
tightening. The wires should be “ shackled off/’ as it is termed, on 
each side of each junction of the engine road—say at each hitching- 
on place—the connection between the different sections being made 
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by means of insulated wire. It will be seen that it is easy to insert 
Mr. Willis* relays at the different junctions by this method. In the 
engine-house the usual circuit is formed of a battery, now nearly 
always consisting of dry cells; a bell, which may be single stroke 
or trembling, but is more frequently the latter; and a switch, which 
may be of the plug or lever form, to disconnect the battery when the 
signal is not required to be used. The author would very strongly 
advise the addition to the above of a low-reading ampere meter. It 
should be made to read in one-hundredth parts of an ampere. Instru¬ 
ments are now made for all ranges. Milliampere meters are quite 
common, and there should be no difficulty in making centiampere 
meters. The reason the author so strongly recommends this is, the 



great difficulty with engine-road signals is leakage of the current. 
Where roads are wet, and where especially insulators are allowed to 
be broken and not replaced, insulation of the wires steadily goes 
down, with the result that faulty signals are given after a time. 
The presence of the centiampere meter would show the electrician in 
charge, the gradual increase of his leakage current, and it would also 
be an additional guide to the engine-man when a signal was given. 
When there is a large leakage, the single-stroke bell is apt to keep 
its armature up to its magnet, while the trembler bell is apt to 
maintain a continuous chattering, the result being in either case that 
the engine-man has to judge by his experience when a signal has 
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n. With, a centiampere meter in the circuit, the throw of 
e when a signal was given would be a very useful additional 

1. 

Important Note. —The wires for engine-road signals 
e kept, under all circumstances, well away from cables 
currents for the electric light or power service, no matter 
the latter are armoured or unarmoured. Where it is 
signal wires should be on the opposite side of the road to 
1 , and, in any case, should be so fixed that falls of roof, or 
.e wires or cables themselves, should not bring the two into 
In the author’s opinion, some of the accidents that have 
.ce where men have received shocks from touching signal 
due to a want of this precaution. 

Shaft Signals 

signals are used for signalling from the bottom to the bank 
& engine-house, from the engine-house and the bank to the 
xd from the bank 
agine-house. The 
rangement is, a 
single stroke bell 
> each pit bottom, 
he bank for each 
q, and one in the 
use for each pit 
Covered copper 
Lch are sometimes 
s No. 18, but which 
>ver he less than 
.d would be better 
connect the bells 
batteries, and with 
gements for corn- 
re circuit. There 
ie or two batteries. 

>r prefers two, one 
l current for the 
, this battery being 
ch pit bottom, and 

fcO furnish current ji ia X3. —Iron-cased Ringing-key tor Shaft 
Own signals and Signals made by the Electric Ordnance Oo. 
een the bank and 

Lse, this being fixed on the surface. His reason, is that the 
.res in the shaft are the most difficult to maintain, and the 
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wire carrying the current from tin* surface to the pit bottom in always 
very much more difficult to maintain, very much more liable in elec¬ 
trolytic fiction, than theme in which the cnrrenf only pmmm when u 
signal is given. The. connectionn for this me shown in Fig. 12. 
The ringing apparatus, or “ pushers/’ m mining men temi tlimg urn 



now nearly always of the plunger form, A lever or spring in 
enclosed inaidc mt iron domo-*ls&|#*i box, fitted im m to ki pirfifctly 
water-tight, and from the trip of the iloiiin tt ilicirf cylitiikr project*, 

S ing n plunger, ending in m substantial woothiii or vnimniml 
, the pin tiger hettig kept out of contact with the l*tv*.ir or spring 

by « stout spiral «j»ri**n surround¬ 
ing it. The circuit is completed 
by pushing the plunger inwards, 
»nd bringing the spring with its 
contact joeoB, or the lever, into 
connection with the contact piece 
provided ft.r it. A fora of ring* 
ing-key w shown in Fig. 13, to 
1* worked by hand, in Fig, 14 
to be worked by a lever, tutd a 
motion iatihiiwn m Fig, II. Even 
with the very l*«w»t filling, them 
ia f tiRaitienihb* difficulty in pre¬ 
venting wafer, which w nearly 
always present at pit bottoms, 
in the positions where the ringing-keys lucre to he fixed, from 
creeping into the contact-box. The author prefers to have the 
terminals to which the wires leading to the battery and the bell an 
to be connected outside of tin* r«nla«t*bo*, so that any electrolytic 
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or electro-chemical action may be seen, and the oxide and copper 
which is formed cleaned off periodically. 

If the author’s suggestion is adopted, and motor generators are 
employed to furnish current for the signals, the current for the up 
signal can be taken from a motor-generator at the pit bottom, and 
that for the down signals from one on the bank, or the same arrange¬ 
ment can be made with accumulators. 

Bells for Mining Signals 

Bells for mining signals are of two forms, those that are intended 
to be used in explosive atmospheres, and those that are to be used in 
ordinary atmosphere. The author has made a good many experiments 
to determine whether it is possible for the spark which passes between 
the contacts in a trembler-bell to ignite an explosive mixture, and the 

conclusion he came to was that it was 
not. He understands, however, that 
others have succeeded in igniting an 
explosive mixture by means of the 


I’m. 16.—Gas-proof Iron-cased Fig. 17.—-Single-stroke Iron-cased Damp 

Trembler-bell, for Mining and Gas-proof Mining Bell, made by 

Signals, made by the Electric the Electric Ordnance Co. 

Ordnance Oo. 

spark mentioned, and as one positive experiment of this kind is 
of more importance than a thousand negative ones, he proposes to 
describe what has been done to meet the case. Briefly, what has 
been done is to enclose the trembling contact of the trembler-bell 
& gas-proof case, and to cause the armature of the bell to 
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transmit the trembling l« fir on oJ,i > •.*; X* n u * 

bell,by meansof 11 isterkiitttul arran/run,!, 4 un n! o b ,* , 

diaphragm. One of tlevi* arr mgeiing^ \ 4 r 4 n {♦ * lb I ' * 
construction of Im* 11 h for mmim* w«»rk *b"nH \*> 4 r *'i %• fn 
electro-magnets should In* wry pmvi’iftiJ, .m-l \ f .< •«.' ' ^ * ‘ -*' 4" I 
be go arrange! that flu* 1**41 will go <41 f L < b : * I s , > 

lias run down to a certain inioisb Furth* r F J F ^ V'u- ,,v m* ! 
for mining work,mid |«uti*ularly fb^** w im *< * > n - *b • ’ j 

have their electro-magnctic !♦ "< ,| ^ 4 f v , p b 

cases, the motion of tin? hamim-t lift Img Fb <-t« \ , ■, * , b 4 

manner that the dam|epr*rf nrrm >* m* u f wil! rb * F \.*n | . ♦ r 

Hhowa ii singlo-strok** Ml* **mF 4 wv *hr 

Relays for Mining: Signal* 

The relay F a widhknowia tiurb j ,y ?r „«•,*■? %j^ v, 1 v ( < 5 \ r u< 

engineers, mid if a uttm* h iu *'?i *14* 4 * *. y ** o *',u*\ t ** t * * * v f 
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signals. The device is employed in some forms of wireless telegraphy, 
the electric waves causing a circuit in which a very weak current is 
passing to be completed, and to operate a relay which actuates 
a circuit containing a powerful battery and printing apparatus. 
The relay was introduced into 
mining signal work by the author 
some twenty-five years ago, to 
meet a case where he was obliged 
to use very weak currents, owing 
to the fact that the long engine 
road upon which the signals were 
working was very wet, and it was 
impossible to maintain the insula¬ 
tion. The only method of keeping 
the signals going was by using a 
very weak battery, and causing it 
to actuate a relay which brought 
a powerful battery into operation, 
completing a circuit in which the 
bell to be worked was included, 
the latter giving a loud, clear sound. 

The connections for this are shown 
in Fig. 18. The relay has since been employed for other similar work, 
as, for instance, for ringing each bell of a number of bells on an 
endless rope engine road by means of its own battery, fixed locally; 
and, as explained, it has been made the base of Mr. Willis's ingenious 
apparatus for indicating signals on endless rope engine roads. The 
remarks made in connection with electric bells for mining signalling 
generally apply to relays. The relay is a very much smaller apparatus 
than either the signal stroke or trembler-bell, but its electro-magnet 
should be made fairly powerful for the work it is intended to do, and 
it should be enclosed in a damp-proof and gas-proof case. One form 
is shown in Fig. 19. 



Fig. 19.—Belay enclosed in Iron Case, 
for Mining Work. 


Telephones for Mines 

For communicating between different mines and works under the 
same management, and between the different parts of the same works, 
perhaps the simplest method, when the establishment is large enough, 
is that of the telephone exchange. At each mine wires are brought 
from each point between which it is required to communicate, to 
sub-centres, wires are taken from the sub-centres to centres, and 
wires again connect the centres at the different mines. At each 
sub-centre there is a simple telephone switchboard, consisting of a 
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number of electro-magnets, each having its own shutter, which drops 
and discloses its number when a call is made, and a system of 
connecting arrangements, either by plugs arranged to connect any 
one of a number of vertical bars to any one of a number of horizontal 
bars, or by what are termed “jacks,” consisting of vulcanite plugs 
with connecting pieces, the plugs being forced into certain holes 
under the indicating electro-magnets, making connection between 
the ends of the coils of the electro-magnets and wires concealed 
in a cord attached to the “jack.” At the other end of the cord 
there is another “jack,” and when connection is required between 
any two numbers of the sub-centre, one “ jack ” is inserted 
under the indicator of the calling number, and the other “jack” is 
pushed in under the indicator of the number wanted. The wire 
leading to the centre has its own indicator, similar to those of the 
numbers of the sub-centre, and when connection is required with a 
number in another sub-centre, the centre is called, connection is made 
with it, the centre calls the sub-centre where the number wanted is, 
the second sub-centre calls its number, makes connection with it, 
signals the centre, which signals the first sub-centre, and connection 
is complete. Arrangements are made by ringing a bell, or in other 
ways, to advise the sub-centre and the centre when communication is 
finished. This arrangement can be carried almost as far as the 
management choose. The only point in connection with it that has 
to be considered is, each switchboard requires attention, but as one 
sub-centre might be in the weigh cabin at the pit top, the weigher 
might easily attend to it, and one of the clerks in the central office 
could easily attend to the centre switchboard. Automatic exchanges 
are on the market, and are said to be doing good work in America; 
but, so far, they do not appear to have made any headway in this 
country, and the author fears that the apparatus would bo too delicate 
for use about coal mines. In the automatic apparatus each telephone 
station has its number, and the user signals his number to the sub¬ 
centre or the centre by turning a lever to certain numbers in 
succession, and a succession of electro-magnets perform the operation 
of making successive connections, just as the attendants of a telephone 
exchange would. 

Telephone exchanges about mines are conveniently worked by 
batteries of dry cells, but they also might be worked by means of 
motor generators, giving low pressure currents, or from accumulators. 

Intercommunication Telephone Apparatus. — Where the 
number of telephone stations is not large, and there is no convenience 
for sub-centres, the intercommunication telephonic system is very 
convenient. By this arrangement each station has its own telephone 
set, consisting of transmitter, receiver, switches, etc., and in addition, 
it has a multiple switch, the number of contacts on which are as 
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from the engine-road wires when not in use. The equipment fox’* Ltoe; 
engine road is merely one or two watch telephones with their cor<* s » 
and clips, to enable them to be hooked on the signal wires. 
difficulty in connection with this arrangement is, the man who tieos 
the telephone on the engine road has no means of knowing thati> 

has been heard, 



by keeping a teleptoc*** 0 
to his ear, and liste;o.i**f£ 
to what is taking 
at the instruments 
the engine-house. J * 
the engine-man is toxi*3y > 
and he cannot at ten d 
the call, which is 
by rapping a ceartadn 
number of times on th6 
signal-bell, it bee 
very tedious and txxinK 
for the road-man to laolcl 
the telephone at his 
The author sugg:«anf^s 
that a simple apparatus, 
consisting of a couple 
of small dry cells* a 
small bell, switefceis* 
etc.,' made up in » 
convenient form, and 
carried in a Iea&tocsr 
case, might be used toy 


Fig. 20.—Simple Telephonic Apparatus for Use in 
Mines, consisting of Microphone Transmitter, 
Telephone Receiver, and Switch, the Tele- 

E hone Cord and the Receiver being protected 
j a wrapping of Brass Tubes. 


the road men, and vrl tma 
they wished to com¬ 
municate they might 
signal the number- of 


raps, and in places of* 
keeping the telephone to their ear, hook their apparatus and tines 
wires and wait till the engine-man signalled. The apparatus wo til ti 
not be expensive, and it would be very convenient. A handy 
form of telephonic apparatus for use in mines is shown in Fig. 16. 


Wireless Telegraphy for Mines 

Wireless telegraphy cannot be used for communicating with fcfte 
underground workings, and it is very doubtful whether much 
advantage would he gained by its use for communicating between 
mines situated at a distance, though the author has been informed 
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• until it has first been connected to the fuses, and it has been ascer¬ 
tained that it is clear of everything between the drum and the fuses, 
and that everybody is out of the way. When this has been ascer¬ 
tained, the inner ends of the two wires on the drum are connected to 
the terminals of the firing battery, and if it is a low tension battery, 
a push or contact hey is pressed, this completing the circuit between 
the battery and the fuses. If it is a magneto-exploder, the handle is 
fixed on the armature, the shuttle is turned rapidly until it has got 
up a good speed, and the push is then pressed. 

The fuses may be either in series or in parallel. Series means 
the same thing as is shown in Fig. 1, p. 7, one end of the 
connecting wire being connected to one wire of the end fuse, the 
other end of the connecting wire to one wire of the fuse at the other 
end of the row, and the circuit being completed by connecting 
adjacent wires of the intermediate fuses together, the current in this 
case passing through the fuses in succession. This arrangement has 
the disadvantage that the pressure furnished by the firing battery 
must be sufficient for the whole number of fuses. That is to say, if 
each fuse takes as much as 50 volts, and there are six shots to be 
fired, the firing battery must furnish 300 volts. It also has the 
disadvantage that if one of the fuses, as sometimes happens, fires 
slightly before the others, it breaks the circuit, and no current can 
pass to the remainder. 

The parallel system is the same as shown in Fig. 2 , p. 7, each 
fuse being connected between the two connecting wires, and the 
current passing simultaneously to all of them. With this arrange¬ 
ment it is necessary that the current furnished shall be sufficient for 
the whole number of the fuses. Thus, if each fuse takes 0*3 amperes, 
the battery must furnish 1*8 amperes for six fuses. It is also necessary 
that the resistance of the individual fuses should be very nearly alike. 
If the resistance of one fuse is appreciably lower than the rest, the 
current passing through that fuse may lower the pressure delivered 
to the others so much that sufficient current does not pass through 
them to ignite them. Per contra , if one of the fuses is of very 
much higher resistance than the remainder, it may not obtain 
sufficient current. 

In practice it is usual to fire high tension fuses in series, and low 
tension fuses in parallel, though in the author's opinion the reverse 
arrangement would be more satisfactory. 


Frictional Electrical Firing Apparatus 

There is another apparatus that is still used occasionally for shot 
firing, but which is gradually going out, as the magneto-exploder and 
the accumulator and dry cell become more perfect, viz. the frictional 
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electrical appratus. In the latest form of thr; nj.pu it': »» «-t* 
disc is rapidly revolved, cither ltetwr*n rubbim* j«4’* *4 "ttk ' nd 
with an amalgam of mercury, in which e;n *• a h>;?h H*-**'«:« »1 H*">” »«• i • 
generated directly by the friction, m what r-k»s"« a,*- m > .* *i 
induction machine, in which then* are twit el-mi*-" >*;>, ■ o> *>' » *• 

which a small charge in communicated by l *«rhnic it wt\ ?v ho,.** * 
the other then commencing to generate •> *1 -1 - 

increases an the sjaiod inr.nviren, and who h tiny 1* *4 v< t> ■» j : 
able voltage. The frictional electoral evj.]'4>r fern, h>.% ’ * ■/. 

pressure to explode a comparatively li»v<* viml* r t-f hid. to v •, 
fuses, and is therefore ,-itill rather a fiv«eirit** wle o* >» lire- ft 1 .' '• 

of shots aro fired together. a* in 'Utkin;*, and wb*t*' * !»»,*» , , 

of mineral is got down at one nprati-'H in me* pi«- It." ,»*va! 
objection to frictional apparatus i« it.’* yr« at w .•e.uwojnr i ■ t 1 ,- 
presence of moisture and dud. If tic **>**n»v »!»* -> ><» - <■■< .•■?«■«} 

with a very thin layer of moi dure, «n He y .o* alwve.i ■»".«» !*• 4 - 
anywhere in a coal mine, and if, a* would mt mvliy M 5 <-». v *!«*:«««*.i 
of coal dust takes place «|h»« fheiimr, she »t«t» «• i.vtoo- 
useless. For surface work, however, wb«*m t|ieapj«r*t«>i • *e *■ h r j 
dry and clean, and when* it is in tie- trod '. »,f * n««n wt.. •!*«-» n s 
mind taking a ooBsidornhh* amount of {rouble »*« k*» |, ,j *. ‘.tv- 
apparatus will do good service. 






CHAPTER III 

ELECTRIC LIGHTING FOR MINES 

There are three kinds of electric lamps that are applicable for use 
in mines, the arc lamp, the incandescent lamp, and the Nernst lamp, 
the latter occupying a position betweeen the arc and the incandescent 
lamps. 

Arc Lamps 

There are, again, three forms of arc lamps in use, all of which can 
be made to do good service in and about both coal and metalliferous 
mines, viz. the Open Arc, the Enclosed Arc, and the Flame Arc. All 
three lamps are made also for use with both continuous and alternating 
currents, though the light furnished by the arc lamp, when used with 
alternating currents, as will be explained, is different to that when 
using continuous currents. 

The enclosed arc lamp is, perhaps, the best all-round arc lamp for 
use in and about mines, principally because it is simpler in construc¬ 
tion, and because it bums longer without attention. All arc lamps, 
except the flame lamps, and some even of those, are arranged upon 
the same general lines. There are in nearly every case two carbons 
arranged vertically one above the other, the upper carbon being 
always the positive, or the carbon from which the current passes into 
the arc. In all forms of arc lamps except those known as shunt 
lamps,iand the majority of the flame lamps, the upper carbon rests 
upon the lower carbon when no current is passing, and the lamp is 
not burning. When current is switched on, the mechanism of the 
lamp separates the carbons by a very small distance, ^ inch in 
the case of the open arc, and from | inch upwards in the case of 
the enclosed arc, the current then jumping the space between the 
carbons and “ striking the arc,” as it is termed. If the pressure 
of the current is sufficient to maintain the arc between the ends of 
the carbon rods, the lamp continues to bum, and it bums as long 
as these conditions rule. As the lamp bums, the carbons waste 
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away, partly by oxidation in the intense heat produced by the arc, 
about 5000° C., but more by the conversion of the positive carbon 
into vapour. As the carbons waste, they must either be fed towards 
each other, the pressure must be increased in proportion to the 
increased distance between the carbons, or the lamps must go out. 
In practical arc lamps the method adopted is, when a certain portion 
of carbon has wasted, and the arc is therefore longer by a certain 
amount, a very small fraction of an inch in the case of a well-con¬ 
structed and well-regulated open arc lamp, the mechanism of the 
lamp causes either the upper carbon to approach the lower one by a 
small fraction of an inch, making up the amount that has been 
wasted, and possibly a little more, or both carbons slightly approach 
each other. A wink may easily be seen when the lamp feeds, as it 
is termed, even with the best forms of lamp, and for that reason, when 
very good illumination is required, many more arc lamps should be 
provided than would be necessary to furnish the light required, in 
order that the winking of the individual lamps may be masked. 
Eor colliery sidings, pit heaps, even pit bottoms, where arc lamps 
can be employed, the matter of the wink when the lamp feeds is of 
very little consequence, providing it bums continuously. In the 
enclosed lamp, as already indicated, the arc is very much longer 
than with the open lamp. In addition, the carbons burn in a 
different form. In the open arc with continuous current, the 
negative carbon bums to a sharp point, with some bubbles of 
incandescent carbon usually visible at different parts. The positive 
carbon bums also almost to a point, but right at the end the point 
is blunted, and there is a small depression known as the crater. 
It is in the crater where the conversion of the positive carbon 
into vapour takes place, and where the largest part of the current 
employed in the arc lamp is converted into heat. The crater also 
performs the very useful office of reflector. When the lamp is 
burning, the little area of the surface of the crater is at an intense 
white heat, and with the continuous current lamp the rays emitted 
are thrown directly downwards. In the enclosed arc lamp the 
carbons bum, both of them, almost flat. In addition, the carbons 
waste very much more slowly than in the open arc, the principal 
reason being, as explained below, that oxidation is almost entirely 
suppressed within a few minutes of the lamp being switched on. 
The result of burning the longer arc, which may be even as long as 
an inch or more, though it then assumes a very distinctly violet 
hue, and the slow wastage of the carbons, is that the feeding of the 
lamp is very much less frequent than with the open arc, and, further, 
it is not so noticeable. With the open arc the light rays are very 
much confined, owing to the closeness of the carbons together, and 
therefore the feed is very apparent. 
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Mechanism of Arc Lamps 

.'he v °f enclosed arc lamp is simpler, as already 

iine<3L > ^ -fctie open arc lamp, for the reasons given, because 
w'asfcjg^^ 0 £ -fcbe carbon is less 
becaxis^ at*c is longer. It is J 

yseaLsi e:r ±,o xxastintain a long arc AaiisL, 

atbeace 31x £S.cient pressure,and 
othe:r conditi° ns are suitable, ill 

a slioirti Tbecanse there is T | 7 



IE 1 jc<^_ 21.-—Section of the 

IBarockie-peXl Single-carbon 
-^ ]Ero -tjauctp, as mad© hy 
Messrs. Joloason <& Phillips, 
sho wing the Mechanism. 



Fia. 22.—A Section of the Lamp 
shewn in Pig. 21, but from a 
Point of View at Eight Angles. 
The two Solenoids are shown 
and their Cores, with the Brake- 
wheel above. The G-lobe is 
lowered for Eecarhoning. 


reroom with. The mechanism of open arc lamps runs on 

m tffcAe "brake mechanism first introduced in the Brock ie-Pell 
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gradually increases, while [the current in the series coils being 
gradually lessened by the lengthening of the arc, the pull of the 
series solenoid upon its core gradually weakens, and at a certain point 
the pull of the shunt overcomes that of the series, and the brake- 
wheel is allowed to revolve a small distance, the carbons moving that 
distance towards each other, and this takes place at every feed. In the 
Luna arc lamp, made by the Electrical Company, the carbon holders 
are supported by a chain passing over a sprocket wheel which runs 
between two plates, which are hinged at their lower end, and have 
an armature attached to the upper end. The sprocket wheel is con¬ 
nected by spur gearing with a train of wheels, the last of which is a 
star-escape wheel that engages with a steel pallet fixed on the frame 
of the lamp. When the star wheel is locked by the steel pallet, the 
lamp cannot feed, and the office of the shunt magnet in this lamp is 
to release the wheel train, the weight of the carbons then causing the 
wheels to run, the carbons to approach each other, 
until the shunt again loses its power and the train 
is locked. The Luna lamp is one of the few that 
is made either as a purely shunt lamp, or as a 
series and shunt, or differential lamp, as it is usual 
to term them. In the purely shunt- lamp there is 
no main magnet, its place being taken by a spring 
which opposes the pull of the shunt magnet. When 
the lamp is not burning, the carbons are separated 
by what will be the length of the arc when burning, 
and the first effect of the current is, the shunt being 
of sufficient power, the arc being open, to overcome 
the pull of the spiral spring. The wheel train is 
unlocked, the carbons run together, the shunt magnet 
then loses its current entirely, the spiral spring 
separates the carbons, striking the arc, and the shunt 
comes into operation again when the arc is sufficiently 
long to require a feed. The office of the series magnet 
in the Luna and other differential lamps is to separate 
the carbons, which are together when the lamp is 
not burning, in the same manner as the spiral spring 
does. 

The Krieg and Methiessen Lamps.— Fig. 23 fig. 23 .—Showing 
shows an open arc lamp of this firm's make. In the Meohanism 

these lamps, which are supplied by the Union xjmon 6 Electro 

Electrical Co., a train of wheels is also employed, cal Co.’s Open 

something on the same lines as the Luna. The Arc Lamps, 

lamps are made for shunt and differential, just as 
the Luna are, the shunt being opposed by a spring which strikes the 
arc when the lamp is first turned on. In some forms of this lamp 

E 
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burning taking place in an atmosphere consisting almost entirely of 
carbonic oxide gas. It is this atmosphere which lessens the waste 
of the carbons by reducing the oxidation almost to nil. As explained, 
also, it enables the arc to be very much longer. The carbons 
employed must be very pure, otherwise chemical actions will be 
set up that will practically neutralize a large portion of the effect 
produced by enclosing the arc. It 
will not do, for instance, to use the 
ordinary carbons made for open arc 
lamps in enclosed lamps. The 
mechanism of the enclosed lamp 




Fig. 27.—View of “ Angold ” 

Single-carbon Enclosed Arc 
Lamp, showing the Mechan¬ 
ism and Adjustable Resist¬ 
ance. 


consists, in the simplest forms of lamp, of a solenoid in series 
with the arc, the pull of the solenoid being opposed by a spring, 
and actuating some simple form of clutch. The pressure absorbed 
by the enclosed arc lamp is from 80 volts upwards, and a resistance 
is usually enclosed in the lamp case, enabling the lamp to be run 
directly on services of as high as 260 volts. 

Two forms of enclosed arc lamps demand attention, the Jandus, 
shown in Tig. 24, in which there is a compound solenoid, and the 
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or bum too long an arc, the second pair come into service, the arc 

being formed between them until the first pair 

right themselves. The usual arrangement for /7\ 

substituting the second pair of carbons when ^gggpj 

the first pair is burned out is, the first pair are 

prevented from feeding onwards after the carbons 

have burned to a certain length by a stop provided mK tm S IBfMH 

for the purpose, and the current then ceases to pass g ffl l 

through them, and is automatically switched on jg j ! 11 p 

to the other pair. 3 I j I I 

Figs. 29 and 30 show double-carbon arc lamps. | i I i' | B 

Dash-Pots. —In all arc lamps dash-pots play jj I | LL|j 

an important part. They are practically buffers, I || j; HT j! 

and are intended to reduce the sometimes quick £« 5 iga 8 li! 
action of the feeding mechanism. A favourite J g jg : , 
form of dash-pot is a brass cylinder with a piston II I BUI] 
moving inside it; and it is arranged that when J J I fljlfl ^ 
the arc is to feed, the mechanism has to compress I |B-i a llpm 
the air in the cylinder before it can do so, this ® h Bjj a |jo 
tending to make the feed a little less quick, and 
to give a better regulation to the lamp, a more 

Twin Arc Lamps. —This is a form of double ft I lf [| 1 

arc lamp which has been introduced since the I fiBff Ifei 
supply pressures in most towns has been increased || 

to 200 volts and upwards. It consists of two 1 If 
separate sets of carbons through which the current II 

passes in series, so that the whole of the double If 

pressure is used up. The twin are lamps are If & 

more commonly employed with enclosed lamps If 

than with open arcs, as the pressure of the 1 Jl 1 

enclosed lamp with two arcs practically uses up y 

the pressure of the service. 

Small Arc Lamps. —Nearly all the makers 
of arc lamps now make very small lamps under 
various names, such as the “ Midget/' that may 
be of service in certain parts of a mine, such as 
the engine-house, the heapstead, fitting shops, 
large pumping-houses, etc. They are made to k J&P 

take very small currents, but with the same 

pressure as with the larger forms of arc lamps, Fiq 29 _ {£ ^ 

and they give very much less light in propor- Open-type Double- 
tion to the larger lamps. They are made in carbon Arc Lamp, 

various forms for currents from 1 ampere to 
3 amperes, and for open and enclosed arcs. 
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Alternating Current Arc Lamps 

The alternating current arc lamp is similar in a great many 
respects to the continuous current lamp, but the light given in the 
case of all hut the flame arc lamps with converging carbons is 
different. In all alternating current arc lamps with carbons arranged 
vertically one above the other, both carbons are partially pointed, 
both have their points partly blunted, and both have small craters, 
approximately half the size of the crater formed in the positive 
carbon with continuous current lamps. The reason is, both carbons 
are alternately positive and negative. The result is that in place of, 
as in the continuous current arc, the light being thrown downwards 
from a line 30° from the vertical line passing through the arc, 
part of the light is thrown upwards, and part downwards. The 
carbon holder and frame, etc., below the arc stop the light 
immediately below, and the case containing the lamp mechanism 
stops it above, and the result is that there are two lighted areas 
with the enclosed arc lamp, extending approximately from a 
line about 15° from the horizontal to 30° from the vertical above 
and below the arc, while with a continuous current the light only 
extends over that area below the arc. The arc lamp mechanism is 
specially constructed for working with alternating currents, the 
important feature being the cores of the electro-magnets, and any 
moving iron that takes part in the action of the lamp, which are very 
carefully laminated; that is, they are split up into a number of thin 
plates, and, where possible, of wires. The alternate current arc lamp 
burns with a much lower pressure than the continuous current. It 
is usual to allow 50 volts per lamp for continuous current lamps, 
where about 38 volts is sufficient with alternating current lamps. 


Flame Arc Lamps 

The flame arc lamp is a recent introduction, and its special 
feature is the colour of the light furnished by the lamp, and the 
peculiar flame with which it bums. In the great majority of cases, 
also, the lamp is made with its carbons suspended from the case 
containing the lamp mechanism, the two carbons being slightly 
inclined to the vertical and to each other. The Electrical Co., how¬ 
ever, make a flame arc lamp in which the carbons are suspended 
vertically one above the other, as in the ordinary lamp, as well as 
the type with converging carbons. The colour of the light is due to 
the carbons, in the course of preparation, having been impregnated with 
salts of sodium, calcium, and strontium. Carbon rods for use in arc 
lamps are made by grinding up charcoal and the purest forms of carbon 
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obtainable to a very fine powder, kneading the powder into a paste 
with, a glutinous substance, and forming the 
carbons by pressing them through dies, the 
carbons being afterwards baked in retorts. 

In the carbons employed in flame arc lamps, 
the salts of sodium, calcium, and strontium 
are introduced with the glutinous material. 

In one form also, those used in the “ Excello,” 
made by the Union Electrical Co., a thin 
wire is also introduced into the carbon to 
lessen its resistance. In several of the flame 
arc lamps the ends of the two carbons pro¬ 
ject downwards into an inverted basin of 
lime or a similar substance, which performs 
the office of a reflector and condenser. When 
the lamp is not burning, the ends of the 
two carbons either rest against each other, 
or the two ends rest against a piece of iron 
which completes the circuit. When the cur¬ 
rent is switched on, either an electro-magnet, 
or some equivalent apparatus, either pulls 
one carbon away from the other, pulls the 
two carbons in opposite directions, or pulls 
the piece of iron away from the ends of 
the carbon. In either case the arc is then 
struck between the ends of the carbon rods 
in the usual way, but it is a horizontal and 
not a vertical arc, as in the ordinary form 
of lamp. In addition to this, in all forms 
of flame arc lamp there is an electro-magnet, 
whose office is to repel the arc formed 
between the carbons. One important pro¬ 
perty of the electro-magnet which has re¬ 
ceived vdfcy little attention, and very little 
use previously to the introduction of the 
flame arc, is its ability to repel the arc. 

In the flame arc lamp the repulsion by the 
electro-magnet spreads the flame out in 
the form of a fan, and this, aided by the 
reflector above, gives the lamp itself the 
appearance of a globe of orange-coloured 
flame. It will be noticed that there are, 
in the majority of flame arc lamps, no objects 
below the arc, as there are in the other forms of are lamps, to cast 
shadows, and therefore a very much better lighting effect is produced. 



Dig. 30.—“ Angola ” Double - 
carbon Open-typo Arc Lamp 
for Rectified Current. 
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the nickel steel wire expands, and in expanding operates a trip lever 
which pulls the movable carbon away from its fellow, the length of 
the arc being regulated by screws provided for the purposo. The 
spreading electro-magnets are two iron rods, which are used to sup¬ 
port the lower part of the lamp where the reflector is placed, with 
insulated wires wound round them, the current passing through these 
wires on its way to the arc. The feeding mechanism is also very 
simple, one carbon simply slides down against a projection arranged 
for it, and the other carbon slides through a tube as far as it is 
allowed by the arc-striking mechanism. The arrangement and con- 


s 



Fiq. 82.—Showing the larger Quantity of Light given by Elaine Arcs, 
as claimed for the “ Excello ” Lamp. The Dotted Line shows the 
Light given by an Ordinary Arc, the Thick Line that claimed for 
the “ Excello ” Lamp. The Candle-powers are shown by the Figures 
at the Ends of the Curves, and the Angles by the Radii. 

nections are shown in Fig. 33. The author has introduced the 
description of the flame arc lamp, though he is not aware that it 
has yet been employed in mining work, because it appears to him 
that it would be of great service in coal screening at night. One of 
the difficulties of properly cleaning the coal by artificial light, as he 
understands, is that some kinds of shale and dirt have very much the 
same appearance as ooal, when viewed by artificial light. All forms 
of artificial light, in the author's experience, are rich in the red rays 
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sodium are predominant, gives light practically the same for colour 
purposes as sunlight. The author has tested every form of artificial 
light for colour. 

Delivering Current to the Arc Lamps.—The simplest arrange¬ 
ment for delivering continuous current to arc lamps where the service 
is either 110, 220, or 500 volts is by connecting two or more lamps 
in series, the series being connected between the supply cables. 
Fig. 34 shows a diagram for lamps from 2 upwards. As explained, 
two open arc lamps work from 110 volt services, and may, 
by careful regulation, be made to work from a 100 volt service. 
Four open arc lamps work in series across a 220 volt service, eight 
across a 440 volt service, and from nine to ten across a 500-volt 



Fig. 34. —Diagram of Connections for Two and for Four Arc Lamps, between 
200 to 220 Volt Service Mains. 


service. A simpler arrangement, however, and one that will pro¬ 
bably prove more economical where a varying number of lamps are 
required to be in use together, would be the employment of a motor 
generator, in the same manner as described in connection with 
electric signals, the generator of the motor generator being con¬ 
structed to furnish 65 or 110 volts, as convenient. Where there are 
a number of arc lamps in use, if some of them are not required at 
certain times, as may very frequently happen, the current that 
would be employed in them must be wasted, or the carbons in 
the lamp must be burned uselessly. By the arrangement of the 
motor generator, one or two lamps can be arranged to be taken off 
the service at any point required, and each lamp may be switched in 
and out as and when convenient. Fig. 35 shows the arrangement 









6o 


kckctricity is w imm; 


for thin. The tirouigeiiient has ?*!;**» "h«* ‘’t* ** >* 1 '• ' ? |( 

the service i» three-phi*nn iilUwiiafiitg* th >t lv **• l * * ' ^ ^ 

lamp service also, if required, may b** trep® '* ‘ * ! t* f ' * V* * 

power service, while full ad vanity i'» hk^n 4 **.* *' * ‘ 4 

distribution* # 

Delivering Alternating Current to Arr Lainjn v 
employing alternating currents mav N- * r > * 

110, 220,’ 440, 300, nr pme! really any « irey * 

in series,just as cwntinnmre-ciirreu! huup* are, *•*’/ ■ <:*.?, Cre »*’- V4, 

tags explained tiltovn, that fit** prepare M 1; - v -d ’* J ” 

smaller, three lamps Mug suuretiiiit f w*<ilre4 . II 11 f * < * } “* # 



A*ft% *•«>*«***%» nit 1 


FlO* t$f f t & / if t # fib fcfc !«#*,«# I i 

imm % Mgti firiMiifi yiu t, if% Ur A-1»t# *M .* i 

and with the advantagi* also that ilw rhukinji r^l «** <<B»|*| l is,j t , l 
arrangement »*naM**« ****** «>r now* Inn*j«# «4 .« ** tn>* n, t« ,u 
without very much wart® »*f current in il« aamp’ttmtitig apwrtiw* 
Ate lamp may aim* l* umJ.**) fr*»n, 4 j i*v» 

alternating ciimnt «m*k«* by filing * in»u*f'nn*-t u* **swh l*n.j it*- 
transformer Mng connected acruwt tin* supply nervine Alf*rs»»tii*g 
emmmt lamp may also 1« worked »n» two j4»«M* ani n|*n*«> jd *** 
syatema, the lamp being eitbi<r breta**) tn Wt* *■<■*& *!*»• j*#m 
« cables in the two-phaw* ay atom, and fast wren SHy I‘^I4 m in flir 

ttymm, m Mug tipplW % uk««» % 




? if i !' .« { j ,t| i *; f • 1 i 

U’ i f « ; ’* -it * , ,* * t \! - ? ■. * * vm I * 4 f , * j 

* i* ] r A M * «, > '* * !' »> , f 4 ' ’ * v ? | 1 '• *i # \ 

. 4 >, \ * .at ? 1 * t * % ’ n 4; 1 « - s * ' ? , * r ' * < < * * • ' * 4‘ 

4 -m,* 1 :%4 4* ♦ * * r « 'i -A'*/ t ' v . > • > ’ " 1 $4 v' r 

\S a* n- Ma ;* 4*; i a ... 4 "’ * u\* ♦* <• • •.' „ ■ ; * *a -» 

* 1 }< * j ' *, ■« '* . < ’. • » 4 ■' * '• ' * * • v -i" 

4 .'4 ** *< * **» 4 - •*’ * : • '*■ , ■ •'* ■ ' 

? 4 * *A a 4 ';?, w a .' I 1 I ^ «, - i ) r 4-.4* I 4 . U- f , 



^ ^ * ' % ■* *•< 4 1 I ' f. i S * A * * " , ' f 3f % * «* g t - l ;.• gj # 1 f , § \ j 

-*rf It-/** |4%| ?T |t | I^t a <ir a *4 -s' »s '>! * & * *I » 

i' *i ** rll* : f naaw'«* 6 ' ; , MU i$fi! f , | V , 

^ ^r 1 ’ 4*^1- / s 4* ^ V/ 14' \ #*.? #/ * ^/ ( * |/ ( « ^ , t |, Jji 

H J*|j f *4 f/ I 4 « | | % ft I / ; ff, f i /„ 

^41 i*r I- ^4>u 4 w ^ 4,1 n r«r I} 4 n» ^*1 - % t? i/JJ 

’ifff^N'li<‘4 Hi 4^ I K l»'^ v *t <1 * > ifjtr , %£$ f <\'\1 4, *• '« 

^‘1 1 %\ i II *! in 1 »i il f 4 f *• * 1 /» t, 1 n*i % v . rn> t \>« * Ini 

^ f< 14 III,. It!,, !r ,**» ;r ?> ( ! •}. ? . V If I 1 

^ 5 * U * ' ' $ r t > > **' V J 'H i Hi H t r * ^r, »‘ r i^} 4 <ff% i 

n-i,.* inn* . > 1 4 r, t ^«, . ?s,i 


Oiffcrcncc in the VVwrkiiiit «f CoiHimioifn ntnj 
Alternating Current Are t jtmp* 

111*! U 4| T : » nA \t f* ♦, H * > I 4 ft 4 r w 4 ^ J k ? As . 
M4|ij»li»l ^*4. ' MtV^n- ^Vfr- 4 %, -j Mn*\ 4vn ,* ! ♦ , ,n* 
lijnf! fp ' > 4^ , ?, <• u ' A f iS * ^ ^ n - Ut( « > U 

^ ^ *jp » mr* %A * n **-/3 r, t , , » r + ^ 






KLKCTR1C1TY I s - MtMV. 



in order thut the lamp iiw> !iik'-i' »’ ‘ ( ‘, 

lampH, iilHd, it is umhiI t<i >w .■■»»*. ^ 

lamp nvisr, in caw the «Mrh"i» • **'*'• " y*,, 

both of those oiliccs ?uv pi'torr »I 1 f * ** ‘ * 

choking Hiils, 4 ii»l Iv *’* r 11 |l 

With the conf immtw rtmnt* ur I cm ,• 1 4 * ( * * 

armature cuatrollin 1 Urn ;*tiUm;/ m» yb'/4 n p ,|f 1 1 \ 1 t * V* 

i!i tam’o and > tie ♦ ♦ *•< K< 1 ! '* ' 4 * ' • 4 * r " 

j,Mh^ Mf f!|.* 7 < ' ‘ ' f *' ‘ 

M allow* t<* j i J M ^ * ‘ i 1 n 

, Viif‘ l?» ! '*0 !* iu.s P' f ff P' r »to aty. f rit fh t 

|?|»JJ‘I ^jr tfw Va-* -*rk*iv» v<: ' r / M. 

iiiiiie will putorr* f ** 4 ' luu-*n ^ 

jmfUplU;’ 1ii» Pifl <J* 4 w * * J-*y * 

«ii4;m< f « 4 O itr * gn*a f f f ' **' to* tlrpr 

will tlaii nlifsi itpr . nl % 8 fo' ii-iiiii 

returii ft* r**n lr»M't 4 sfi4 |!t o Ih** i.* 

fhii mAmm'U whrh un- pp **’• * 4" * l 

I with ant liiinfri have *1 %*ty 1^4 th» 

Jillll Ilf II ,illl* % Ilopf r**l! ttjaMfl lla it'i4| 11:|*-1 

very rapidly a* ftp w*** *he r Pl 

Hi*! )ir»t«t«iri! lirinifwl 111 ii#i lamp p 

tip, partly of 111*? ppm^iifi? 1« 4ti¥o ih#» 

toimillt iillottgll fliw **<f|t*. I hm 

Mill tint tmiMmw «f -nip 1^*1 th*' 
jiortioif I§ riwjlliftpl t«H*Vrft4i«jrs lli« W'k J>.fr,¥%tifw 
rroiitii*! in flow aft: tfj§#lf, at lfi« rral^f 
tliiiciiitiiiil 11 if%io>wiirii<«l «ti, ilsff W'i 
k Illli«tlll f 4ll«I lll«’fi4«tW » Wf rilffwist 

}*»# fliftiUffii jo 4o r p « 

voryopiiik mliofi kr <A >* t ^ \ p 

m ^ titifIM flip «?aftia|*a f«ff «|€iic||| ( fciil |4i.^is|i:i|i^ 

Cutout for i^ifitlii«»ii4i »« •»- f»||iri!y tof !lii% o, if llir f«ip|» 11 

Carfiiit Are Imiiin, liiirtliil^ 4tt^‘%U f 000 4 1 ^ pn vium, %i nr 

with ttii C nin||||||| pi iliiit^flf of Ii^iiliiif, # 

11«i of tfi» Are, fw w 111 Hit* rtfriiif iiiiicpTiil In f»K|ifc«t |li# 

% iitii ilwutfmi istirwut, nskI an i«l4ilioii#t m |sfii%'i4^m| 

Metric C««t IArtiftofi, | t| « jW *y rfl |||^ |} 4 |4 , th* f ^^04* ** • 

111 atffpkm inii|i knit* » 4 1 *<+ iu* 

aad the mmmm of tlw imm <4# p,i »,:# 1I#i# 1** *4 1 

111© w}i«t attmaii ii Ukmt imm* * t„ no-i 

» shown m Fig, 38, Willi iii»#1wi pj^h #t< J^u^ri 

usually rtin in on a 110 toll mt\u*% # r<pifi4iir^ >il ^ 
the W volts, or four ©juft m ktiija #i» ran %m » v*4e rtm <4 

upwards, tit# arttepaitat of ilit ^114 ^ >h4p! t*r iv« 1 


Fin. HI. Automatic 

Cutout for Cfofitlii»»ii 4 i 









I* f t j * I ! M 


; j i* •!, i i * H ; ‘ t • • ' 1 ' . 1 I ’ 

; ’* ,;!»•. i I If '* • ■ '• ' ‘ 

v4 . ‘ i] !*• f ' -i " >U''* >"44 14 * " 4 kt * •»* -I * 

•' * % « >>■!«(•.» "i „ .. a . i 

j i - , 4 1 »* ? i > i h ’ % f* ? r i # | * < !y 

« > 4 4 i 4 ,r , ,ih -I . ir 7»» % "* % ! • I 4* >■ 

4t ; Vii?h *;^ s t * /* * ; ‘ * 4 * 11 1 

* 4 ,»« Vt 4/4 4 *4* V !aU '* Vi 4 U 4 I* , ‘ r, l 4 * ' 

«*< * ili l # 4<> 1,' * *1' Ol» 4Hr 4 / • 1 -I ; 4«;< s 


4. 4 * 4 1 l4tj» * *4 I* 

, 4 ' 3 !» > v - i , 4.? 

■* *» * ' * u •' ’* f * 

\ ■ * I • 4 *1* ! 

4* >< , 4,4 i *4 4 ? ! i 4 <* 

j • ,"‘ h," * 4, 1 in* 

M 4' * 4 44 * I * i 

*"'V ' v »»? v 


1 » 4 < * 4 . I # K> 1 Oi* 4 H> ^ ^ : 44 - - %rf ’ 

Omtmimu.« Cwrrnt Autmiwti* L,n*}i 

1 4 b*'" » I t .* * 1 Um p 4 4* i i •“* ' * * 4 I? t ^ Ji 

.4 , * < - h ** a?;* m < > ' »?4' i,i *;* Kl ? i| , 4 |5|f - r 14 , i <4 

r III- I' ?*'tn4t3,4i ; » 313 4-i ^ 

;V * n\ ** . < 7 ' 1 . 4 '* •4, , 4 •'*, - ’* fi ' 1 4 s *' ■» s '4I4 4 


1^ < , J 1 * i » , * *>• 



/’ 4 , i + lr 'ftt * t ' U ‘ s >4 ' 4 1 1 ‘ «> 

r# ,f4 ¥ 1 f « 1 I j ’ I <’* A* , 1 » ft', li “in i ' 3 

f 4 fv If * 4 

» 3f?lV4 4,' / 4f* 4 ! 14/ ' * V 4 * t'-f* / »* ^ ^ 4 ‘ i, 4 

« *it |4 ft4 I I f |*4*wt< III ! V , fclil ^ 4 I * 1 **ti* 

1 * * *t * t m h * '' m * m * ’4 a ^ , # Li i/# ’! * ,] *S ill 4 U r ^ • 

,f «I^* ^ i f ;? k t ‘ u r $ ^ 4 *4 ‘ 4 *« ' v v f 4 4 * 1 - ? f 4 1 4^ 

4 \t tlly ;n m ' '■ V ? 4 ^ } ‘ y ^ !<?. j* ‘ t r> - r, 4 

*L 4 r t t*|4 it** 1 * 44 t! 4 f ^ ^ $ % 1 4 ^ l # 1 sf 1 ^ - *1 * 

}»?i 4 y«M ,|*, * * I * /< i/M* i ?4 1 4 m 4 4 hi * (i 4 t j. 4 . 

4 , 1 *jf 4 # I f 4f4 •» * * < ’1 f t It *ii| 1 , h'J 1 4 lu* *hh 9 < ’ ^ ! f, 

'.i;„4 44< } 1 Si- y ^ 1,^ 4 <*l\ J*M* . f *» 4* 4 4 ^ Hflf 4 

?4l 4 * 4 <«<U I ’ ?/ . 4 4,44^ ^ » ? ''44 4 > ® '.*’• -» Akii J *' It* ^ ^ 

^ ^ l* 4 4 I* 4U* * h Jt 4 1/1 *< ' *' '' ,?! » A‘ ^ ‘ ? nt 4 r 

U’k*'U 'I “i fi.4 b'4#, ^L>'U !i4 f r*4>4* 

(.Hiking Cuih Mint C niii{^?i%4t^ii *•.* V ^ ; 

| M f,» 44 * ? * r<’4 f 4^ I, ,4 I * 1, I i» 4 y *«r * * | s 

f 4 4? j 4; ^ t 4 f ^ ’. it* + s *» I##? 5. . - i ’ ’ * 








ELECTRICITY IN MINIS*I 


ourrout ares, and tlui aHt<imutin rnt«m» r' pj-L- r •. ■-.!«> f. i:a< # 

what aru known iu» I'tmijifiiui<ir,«. II**' * si ”* na ’* ' * 

vjiifi roil i4 mir« *4 ’ t« V * * n » fe? 

yatt ft* thirty fW * nn*°nt ,,<? 4 ** , * i 

“ ~"T ‘ ~ tmml a I itiiiii it* 4 m*si * f 4*' * li *r*£ 

« nil ,4 ;ifp til^h m Uf l*> ! f tln’i 1 b f 

| fM** ayn 1 

—— **t~~~.~ *-| ayr in# I* mu* * 'U»* !* 

tm0 •******’ MtiuHim* f < will* !*>», 4« I with il.« 

dr« nil * f lb * *i! <m\ bu-4 

1 III iftltMf < Mi*’ t!^ *» M m4 uli^U * 1 ! 4i“ 
° rfirf* # iit in tb *'*iU wf%‘ 4 i 4 

p—J~ -i i ^ *' !•* til** u»#*ri tv hi .,4* 

ijti A ot ili^ ,*Jt# siHlm t ,i ^11 

W m njij,rti4ii|* §*i<v*ur*, «*ii i "d*"#**" l*i k 

/*! ^ ^ iti*' nirrMil, mim * wj* itt^ *\»rj hn r 

V u 4«|r |il fll#* fill ftp* m *\s t' ** * 

Pro. 30.~l>iM«rara <4 r<..«,.vD-,,, atn a rr*»U <>*** nj< do- vtf j hi j <r, IA w 
for WurkinR Onu or Tw>< Ar* with M<ntHJ«MP> > Uf?» hU, Th*>< 1 luf<„* 
r^nipH from a-Jf*) Voll ,uu-rji*ti- ^ t .,} ». v 

Current Service without Atu»rr*t ^ ^ * t , ^ 

ablo W#*^, ah If tlir ^^litrr|fi#|» #liffri%*ii! if r, > n 

Brlfclnh Th 0 mM»u>!lmir«t<m i *. flit* * nt «nt * i 1 \ >%,!; '*i ^j$ 

of flip Ifo|| < < • l! i 

insortod hi the main drinisf t*f tlir .him* if ’ .■ , 4 ^^^ if# 



wm» rmi« m 1 bf it* 

MMdo Ut, f»f will MiwiMii, If §* 

fagr tl# Mk 

a-wy madl qmulifcjr »tmnrgy. Rohm mmgy m ll«l|ll $M 44 %If 

m fraction of that wbkh would bo abnorM by Imp Tim 











KLKrrKic moutim; fuh \n\im 


ii * I« rn%ht’* * v® < «*r m ■»** * *?>*:* ■ 

fimii Inn or LJnn %*Al ^rvi-**, F<b * ’F b mbn 
tm 1 Airfi^a Fy j’vlf *a4h mib i -’p*. * 

f*iiHi # y imbvi** uf tF*« limp an 4m- FiUm-n* 4 • - f ' 
tJi^V !||V »..*13«'4. I H n M iU » *' k n • **»»* * 

r»i!il|*rfii 4 to!'t M l-fbli-mm nab *’<» 4 ,., !,.‘ 

Fb» pi 3h»»a,f 5 •!u* *■! ii * ' 4 M 


? , <• -»i- t %* *! 

rt 4 ! ! * *ffi 

<- .«: *•> * r: 4 1 

.:i. s n^v; y nt 

. 4 , 1 -1 1 


Supporting: Arc Ijampn 

Tlifi liir^lifilii%!ii **£ nil air Fillip* m by 4 Ffnw ibiltofiit, 

ttmtitlly rir«slar f «i 4 in .4 * n * s» ' * »*'»•$ ! Jm '* ?» * ’ ( * 4 . m , 

Illl4 |f§ Jifr#!i«c|«| by r#4j*J**t ut lf»4$ hf%M ffnwto to 4ill4r» 

Hill? ifVrf tip 5 * ftfp! i« r**||l| 4 **to*y rfp:i« 4 tt itm >»)«*’hajtMtn I |ip 

L 1111 }* 14 ilm if* vnp*j* *»4 ! v 4 * i/o»f # 1 r ! mto 1 / < 4 , pr FmM * # 
a jwfrifiilii f«v?l iii:ifii|iil«f } tml 4 111 a *m?iH l*nM r k«i, to iho to}# 

»f lli« liainj* «** fltiti fti« infnii^ 4 ii»fil m tiimij»to 4 fto«i all lisp tmmp 
mnufmlmm, m nhowit in H w < n 41, «*n l 4j*« r% Fm » ^ »p 1« 
ill|i|»ff«w| fpifli » 11 f rc>li% , <*ni« 4 il J^#' 4 ili«*fi Ft ally r^||%o‘iiiPii! futttlir*), 
tining IIip itwsl r*r jinrjw^ A *^ni%'rmr 4 *i motti**! <#, # 

Ilir«l 4 *f |plf«fiii»i #!piii 4 i ?4 r*»|« m f*-r • *"tw «n*l l^mg 

iwriiftpl In llinfi^l itiitikl^f, mi 4 llt*s i 4 liwf * 4 i 4 *»*'&* m |*w!l*y in 

lliii lamttmn to wliirli tip* hmp i* t« «n 4 fi^in tf 

Jitill^l « !*. s %ztp h ?“i<4 #f* 'ii/ s 

jijin?#, jof |iil. 4 p«|#, lli« fl»l fwnt »4 w‘I»idi tJifi |^ 3 f , «.in #^4 

ilrmttd ii limy l*#* l« mi*- -f ili« F $ bn;} F’ 

i#f llltt |iil*li«*jt flirt Witiri fli«fi l#k«n tjfiw #i »;jj|pf 

|i»iliftyi f^i |#flA *4 lla< a F ll»» titl* 

A iiitiiltf U wnitttAf t*»t *nt, r nn^ h 

lllf ®fti|iiof»i *a*| fmf |*il f«»||«ffi* if *fi afn $4 rfti{ 4 -n‘f»l K«*f 

ii*Iliin# mi 4 #|tn 4 r^ th^ ntm*\ fit ay tm 

If f}i**y »fff hi t#* »i#4? 

liml#! fp>m fur i^j f 4 m IbMmn n bmy *4411 n *4 1 l*ii* 

Cfig^ 4 ipl jwl«i itii «|,lai 4 fciti:l ti ifiti tiiffeif f*f ill® gf*iiifp|, utiil in lit# 
mtttm 1 >f ftiiit nr fit# yi»tt will m*- %>* i’ 4 t#i 4 

Will blow llffllll tI<iWfi t with tlilfttJi#? t«* Iho l«ifl|i Hft 4 cfiliPf lft:rti|#lp .4 

A utimijj 4‘pv*4o|44| |#4n wifli *fw b% to 

l«i uliitfi |#nil®y* t %4tt%ti^fitrt4b 

llm wiirt It fut fit* \w%\ $ f#*it thv % * n* u% 

<if fl» \m\*u Tlin \m\m tlmuM mv i Ui 

l%« linji #licifil4 bm fliiwl to iittulutoff r/ofrim4 win lift#*, #Iuw 

b**UM to fl#n t|i® |^ 4 ® m$4 ■%* St F**? of ;!,* 

Ilirrllftllklll I pm kin}# ImrnlM %#« Wttof llmfl ftti 4 

mi %-^ry itwiii npim *f 1 m 4 *w »4 iL# n « 

if filial® Ip#IIhw, iiiiiiilly nn4 ^!« f 4 tfi^ !, 






T 


66 


ELECTRICITY IN MINING 



e r 


rope is fixed inside the base, but can be arranged to be worked from 
the outside by allowing the axle of the winch to project through a 
hole in the side. It is better, however, to enclose the whole thing. 
The base of the iron lamp-post also provides a convenient place to 
fix automatic cutouts, choking coils, compensators, etc. Where a 
lamp-post is used, the galvanized iron rope is carried up inside the 

post, the upper part of which is 
made of a straight tube, and the 
actual support of the lamp is also 
a tube bent to any convenient form. 
Lattice-work poles are also used, as 
shown in Pig. 41. They are light and 
strong. 

Contact Supports for Arc 
Lamps —The problem involved in 
trimming and cleaning arc lamps is 
a more or less troublesome one, 
principally because of the leads. If 
the cables leading to the lamp are 
made sufficiently long, to allow the 
lamp to be lowered to within reach 
of the ground, they sag about when 
the lamp is in its position for lighting, 
particularly when there is much wind, 
and the insulation is liable to be 
damaged. These considerations have 
led to the development of a series of 
contact arrangements for arc lamps, 
which avoid the necessity of providing 
the dangerous lengths of loose leads. 
The bracket which supports the lamp 
carries a hood, in which contact springs 
or equivalent arrangements are fixed, 
the ends of the cables from the 
supply service being connected to 
these springs. On the top of the 
Fia. 41.—Lattice-work iron Lamp- lamp-case are also springs or plates 
Winch, forming the terminals, and when 
hoisted into its place, the top of the 
lamp passes into the hood mentioned 
above, the terminal plates or springs making connection with the 
terminal springs or plates in the hood. Several devices have also 
been introduced complementary to these, designed to relieve the 
hoisting mechanism of the weight of the lamp after it is hoisted 
into position. In the apparatus made by the General Electric 





post for Arc Lamp, with 
Galvanized Bope, etc. 
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Co., the weight of the lamp assists in making good connection 
between the lamp terminals and those under the hood. After 
the lamp is hoisted into its place, the springs on the lamp-case 
spread out and engage with the contact pieces on the hood. In the 



Fig. 42. —Section of Shaeffer Safety 
Hook for Arc Lamps. The Ring 
shown at the Bottom is fixed 
round the Insulator on Top of 
the Lamp. This Apparatus is 
only designed to support the 
Lamp so that it can he easily 
lowered. It has no Contact 
Arrangements. 



Fig. 43. —Another Form of 
Shaeffer Contact Support for 
Arc Lamps. In this Apparatus 
the Lamp is supported and 
Contacts made as well. 


Shaeffer apparatus, shown in Eigs. 42 and 43, there is a steel tube 
and three steel balls, the tube pushing the balls out of the way 
as it rises when the lamp is being hoisted into position, and 
afterwards resting on them. In the L.E.F. apparatus, a pin on the 
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apparatus attached to the lamp slips into a socket, in which it is 
locked, the weight of the lamp then being taken. In either case, a 
half turn or so of the winch raises the lamp a little off its support, 
and enables it to be lowered. 


Incandescent Lamps 

There are three types of incandescent lamp that are now available 
for use in mines, and that should do good work there. The ordinary 
carbon filament lamp, giving a light up to 50 C.P., the high C.P. carbon 
filament lamp, giving a light from 100 up to 500 C.P., and the metallic 
filament lamp. The small carbon filament lamp is too well known to 
require description. Its filament is made from cellulose, squirted 
through a dye, and formed in that manner into a long thread, which 
is cut into lengths, baked in retorts, fixed in the familiar pear-shaped 
globes, from which the air is exhausted, and built up into the steel¬ 
looking filament we know, by the precipitation of carbon from coal 
gas, the lamp globe being filled with the gas during what is called the 
flashing process. The ends of the filament are connected to small 
platinum wires, by different methods of jointing; a favourite one being, 
a small sleeve is made in the end of the platinum wire, the end of 
the carbon filament is inserted in the sleeve, a special paste is put 
in with it, and the whole is welded together by heat. Platinum 
is employed because it has the same coefficient of expansion as glass, 
and the platinum wires are sealed into the base of the pear-shaped 
globe before the filament is connected to them. The base of the pear- 
shaped globe is now almost universally enclosed in a brass cap, con¬ 
sisting of a cylinder of thin brass surrounding the neck of the lamp, 
the space being filled with a cement that does not absorb moisture, 
and in which one or two plates are embedded for the lamp connections. 
In the B.C. lamp (bottom cap) there are two semicircular brass plates 
on the bottom of the cap, bedded in the cement, and having the ends 
of the platinum wires connected to them. In the C.C. (central contact) 
lamp there is one circular brass plate, fixed centrally in the cement 
enclosed by the cylinder of the cap, having one of the platinum wires 
connected to it, the other being connected to the cylinder of the cap 
itself The outside of the cylinder of the cap is fitted with two pins 
which engage in the bayonet joint holder, so universally employed. The 
small carbon filament lamp is sometimes fitted with a cap of a substance 
called “ vitrite,” a substance that is an insulator, and which is claimed 
not to readily absorb moisture, and which can also be moulded into 
any form required. The “vitrite” cap is of the same shape as the brass 
cylindrical cap, the “ vitrite ” filling up the whole space, the brass con¬ 
tact plates lying on its surface at the bottom of the cap, the platinum 
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wires passing through, and being embedded in it, and the brass pins 
for bolding the lamp in the lamp-holder being also embedded in it. 
For central contact lamps, the “vitrite” has a brass cylinder out¬ 
side, to which one end of the filament is connected through its 
platinum wire. 

The light given by the carbon filament depends upon its length 
and its surface, and the temperature to which it is raised. What are 
known as high efficiency lamps are raised to a higher temperature 
than the low efficiency lamps, a more powerful current being allowed 
to pass through them. 

The small carbon filament lamps are made for 5, 8, 12, 16, 25, 32, 
and 50 C.P. The 16, 25, 32, and 50 C.P. lamps are all made for 
pressures from 60 to 120, and from 150 to 250 volts. As the light 
given by a carbon filament depends upon its length, and surface, and 
temperature, it will be understood that a filament that gives 8 C.P. 
with 50 volts, if its length is doubled will give, approximately, 16 
C.P. with 100 volts; and if its length can again be doubled, it will 
give 32 C.P., approximately, with 200 volts. The length, however, 
of the filament of a lamp giving 16 C.P., say, with 200 volts, is more 
than twice the length of the filament of a lamp giving the same 
candle-power with 100 volts, the reason being the smaller surface of 
the smaller filament, per inch. In order that the filament may give 
a certain light with double the pressure, a longer and thinner filament 
is employed, having a higher resistance, taking a smaller current, but 
the length is more than doubled for double the pressure. Hence, for 
this and for other reasons, the high voltage small carbon lamps, as 
they are called, those burning at from 200 volts, and upwards, are 
not so efficient; they require a larger expenditure of electrical energy 
per C.P. than the lower voltage lamps. A common standard 16 C.P. 
lamp, with 100 volts, takes 60 watts. The 16 C.P. lamp, to burn 
with 200 volts, takes 70 watts. The life of the higher voltage lamps 
is also less than that of the lower voltage. About a mine there is no 
advantage whatever in using high voltage lamps, except where current 
is taken directly from the power service, as where two 220 volt lamps 
are connected across a 440 volt service, or two 250 volt lamps across 
a 500 volt service. Wherever it can be arranged, it will be found 
more economical in every way to run the lighting service at the 
lower voltage. The small carbon incandescent lamps are made to 
bum at 2^ watts per candle, 3 watts per candle, 3£ watts per candle, 
3f and 4 watts. With a 100 volt service a 16 candle lamp, at 21- 
watts per candle, takes 0*4 of an ampere; with an efficiency of 
3 watts it takes 0*48 amp.; with 4£ watts it takes 0*56, and with 
3f, the usual standard lamp, 0*6. Higher voltage lamps and higher 
candle lamps take current in the same proportion. Thus, the 200 
volt lamp, burning at 2J watts efficiency, takes 0*2 amp.; at 3 watts 
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it takes 0*24 amp., and so on. The 100 volt 32 C.P. 3 watts 
efficiency lamp takes 0‘96 amp., and the 200 volt lamp burning 
at a similar efficiency, 0*48, and so on. 

The Gem Carbon Filament Incandescent Lamp 

There is another newly developed incandescent lamp, which it is 
hoped will compete with the metallic filament lamps. It has been 
worked out by the General Electric Co. of America, and, the author 
understands, is constructed from the ordinary carbon filament by 
subjecting the filament to a very high temperature in an electrical 
furnace of the resistance type, the furnace in which heat is im¬ 
parted by raising the temperature of some low conducting body, 
either surrounding or in the furnace, but without any arc being 
formed. It is called a metallized filament, and it has the property, 
also possessed by metallic filament lamps, that its resistance 
increases with increasing temperature, instead of falling as in the 
ordinary carbon filament lamp. This change is a most important 
one, and tends to lessen the winking of incandescent lamps with 
changes of pressure. With the ordinary carbon filament lamp, when 
the pressure increases, the current passing through the lamp increases, 
and this lowering of the resistance causes a further increase of current, 
with a further increase of temperature, and so on, till the limit is 
reached, the result being that comparatively small increases and 
decreases in pressure are visible. This has led also to the necessity 
of alternating currents being worked at the comparatively high 
frequency of 25 periods per second. Below 25 periods, and even 
with 25, with some very thin filament lamps, there is a distinct 
difference in the light given by the lamp at different parts of the cycle. 
A wink is distinctly noticeable. On the other hand, for efficient 
power distribution, the frequency should be as low as possible. The 
efficiency of the Gem filament lamp is given as 2£ watts per candle, 
the life being then the same as that of the 8 watts per candle 
ordinary carbon filament lamp. The efficiency and the life will 
probably be improved as time goes on. 

Metallic Filament Lamps 

There are two metallic filament lamps on the market, and others 
are coming apparently very fast. Those on the market are made of 
very fine wires of the rare metals, tantalum and osmium. The fila¬ 
ments, as they are termed, are very much longer in the tantalum lamp 
than in the carbon filament lamp, and they are formed into a kind of 
cat’s cradle inside the lamp globe, which is of the same form as that 
of the small carbon filament lamp, the wire being wound up and 
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down round glass hooks on a glass bridge fixed in the middle of the 
lamp. Platinum wires, as before, are employed for connecting the 
ends of the metallic filament lamps with the plates on the lamp cap, 
which is of the same form as used with the carbon filament lamp. 
The lamps are only made at present for pressures of 50 to 125 volts, 
and C.P.’s of 6| to 26, so that the lamp must be connected in 
series on a 220 volt service, unless some arrangement is made for 
supplying current at a pressure suitable for these lamps, as by a 
motor generator. The tantalum lamp is made for efficiencies of from 
1*7 and 2*2 watts per candle; this meaning that approximately half 
the current is required with any given lamps. The life of the 
tantalum lamp is claimed to be 1000 hours, and 600 hours before 
the light is reduced by 20 per cent. As usual with a new apparatus, 
the metallic filament lamps are more expensive to purchase than the 
carbon filament, but as they consume so much less current, the 
difference is soon paid. The success of the tantalum and osmium 
lamps has led to other metals—wolfram, tungsten, and others—being 
employed for the same purpose. 

The osmium lamp has developed into one called the “ Qsram,” 
which is made for C.P.’s of 0*4 up to 16, and in the case of lamps of 
8 C.P. upwards, is made for pressures from 8 volts upwards. The 
efficiency claimed is 1 watt per candle. 


High C.P. Incandescent Lamps 

The high C.P. incandescent lamp is similar in construction to 
the small carbon incandescent lamp, except that its filament, to use 
the term usually employed, is a stick of carbon, generally bent into 
a U form. Its ends are connected to platinum wires, as the small 
carbon filament lamps are, but there are several platinum wires to 
each carbon end, the number depending upon the size of the filament, 
and the current it is to accommodate. The filament is enclosed in 
a globe of varying size, according to the light given. 

There are two distinct forms of high C.P. incandescent lamps. 
Those made by The Sunbeam Co., of which the efficiency is 2 and 2£ 
watts per candle, and those made by other firms, of which the 
efficiency is more nearly 4 watts per candle. The 2 watt efficiency 
lamp is, in the author’s experience, a very economical lamp, and in 
many cases would be preferable to arc lamps. 

The Efficiency and Life of Incandescent Lamps. —The ques¬ 
tion of the efficiency at which carbon incandescent lamps should be 
run is one that depends upon the cost of the current. Where current 
is dear, as in some town supply services, it is cheaper to bum lamps 
at high efficiency, and to replace them when they begin to give less 
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light. Where the current is cheaper, as will be the case in the great 
majority of mines generating their own current, it is more economical 
in every way to burn lower efficiency lamps, and in the author's 
experience it has been found better to burn even low efficiency lamps 
at something below their marked pressure. From the moment that 
the lamp is put into service, a disintegrating action commences. 
The carbon filament is gradually broken up, and a bombardment of 
very minute carbon particles takes place, from the filament on to the 
glass, the result being that the filament takes less current, emits less 
light, and the glass gradually becomes blackened, and transmits less 
light. This action increases very rapidly with the temperature, and so 
high efficiency lamps begin to blacken very much more quickly than 
low efficiency. In addition, as explained, if the low efficiency lamp 
is burned with a pressure five per cent, or so below its marked pressure, 
though it gives less light, about twelve to fourteen candles with a 
16 O.P. lamp, there is usually plenty of light for a great many 
situations, and the life of the lamp is very much increased. Only a 
very small percentage of the energy delivered to the carbon filament, 
some three to five per cent., a'ppears as light, even in the very 
high efficiency lamps, the remainder, so far as is known at present, 
being radiated as heat. 

Holders and Fittings for Incandescent Lamps. —For small 
carbon filament lamps, the familiar bayonet-joint holder is the almost 
universally employed holder. It consists of a short tube of stout 
brass, of sufficient length to allow the lamp-holder to enter nearly up 
to the neck of the lamp. The tube is slotted at opposite ends of a 
diameter, with the straight and curved slots known under the name 
of the bayonet joint. The brass pins, which are fixed on opposite 
ends of a diameter of the cap of the lamp, are pushed into the straight 
part of the slot in the holder, and when they arrive at the curved 
portion, the lamp is given a small twist to the right, the pins then 
passing projections in the slots, and on the lamp being released from 
the hand, the springs of the plungers described below, force the pins 
behind the projections in the bayonet slot, and lock the lamp in 
position. At the back of the tube forming the lamp-holder, is a disc 
of highly glazed and special porcelain, or other material specially 
arranged to withstand comparatively high temperatures. In this 
disc are fixed two little plunger contact pieces. The contact pieces 
are arranged to receive the connecting wires from the supply service 
through holes in the porcelain disc, the wires being held in position 
by screws provided for the purpose. On each contact piece is a 
small hollow cylinder, with a small solid plunger in it, a small steel 
spring being placed in the tube behind the plunger, the result being 
that the plungers are forced outwards, and therefore make good 
connection with the plates on the bottom of the cap of the lamp, 
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Vire guard is also sometimes fixed outside of the glass shade. The 
d of the iron tube, away from the lamp, has a flanged back, or some 
^angement enabling it to be fixed against a wall, a beam, prop, or 
lerever it may be required. In fitting up, the connecting wires are 
Ought to the lamp-holder, the lamp-holder is screwed into the end of 
0 iron tube, the reflector being in its place, the bracket, or whatever 
"m the fitting may have taken, is fixed to the wall, or wherever it 
to stand, a substantial hard wood block being employed for the 
l *pose, grooved to take the wires leading from the supply service to 
o lamp. The lamp is then pushed into its place in the lamp-holder, 
0 glass shade with its wire guard is put into position, the latter 
ing held sometimes by a bayonet-joint arrangement, and sometimes 
' screws. In some forms of fittings the reflector and the tube are 
st in one, this making a more watertight and gastight joint, but 
th careful fitting this should not be necessary, and by having the 
Sector separate, enamelled iron, which answers remarkably well, can 
employed, and the size of the reflector can be made such as will 
convenient. For a great many situations the ordinary enamelled 
tel reflector, blue on the outside, and white on the inside, held by 
tens of a screw ring on the lamp-holdor will answer very well, 
aces where there is no damp, and where there is no danger of gas, 
tx be supplied in this way. The enclosed fitting with the glass 
ade and its wire guard make a much better protection for the lamp 
xere there is danger from mechanical injury, but it has the very 
rious disadvantage that coal-dust invariably works its way inside 
e protecting glass, depositing sometimes on the lamp globe and 
metimes on the inner surface of the shade, but in all cases obscuring 
e light, and very often to a serious extent, with the result that 
e fittings have to be frequently taken to pieces for the purpose of 
waning the lamps, and fittings of this kind do not last as well 
len they are frequently taken to pieces. For some positions, as 
confined pit bottoms, some pit heaps, some junctions of roads, a 
ry useful fitting is one that is variously known as an oyster fitting, 
d a bulk-head fitting, the latter name being taken from the fact 
at it was designed principally for use on board ship. This fitting 
nsists sometimes of a perfectly flat disc, either enamelled or 
inted white, arranged with a lamp-holder inside, the connections 
ing brought to the holder, either through a hole at the back, or at 
e side, and the lamp being arranged to stand as near the centre of 
e disc as possible. Sometimes the disc is recessed or “ dished,” as 
is called, the object being to give more room for the lamp, and to 
fcter utilize the back rays from the lamp filament. In either case 
a fitting lies close to the wall, and may be partially embedded in it. 
may be fixed in a recess in a wooden headstock, where these are 
use. Outside the lamp, and held by a ring at the circumference 
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of the disc, is a semi-cylindrical glass globe, or one forming a smaller 
portion of a sphere, the glass being protected in some cases by guard 
wires crossing it, and held by the ring which holds the glass in position. 

Fittings for High C.P. Incandescent Lamps. —The high C.P. 
incandescent lamp is treated very much in the same manner as the 
small incandescent lamp with reference to brackets, shades, guards, 
etc., except that the tubes carrying the wires, the reflectors, the 
shades, and the guards must be larger in proportion. The lamp¬ 
holders, however, have to be of a different design. The lamp is made 
with a recess below the neck, and the holder most commonly 
employed consists of two porcelain discs held together by bolts and 
by the lamp terminals, and carrying three substantial brass springs 
which clasp the neck of the lamp, and are held to it by the spiral 
spring shown. The platinum wires forming the terminals of the 
filament are brought to clips held under the lower of the two discs, 
to which they are connected, and the lamp and holder are suspended 
by any convenient attachment, held by the porcelain discs. 


The Nernst Lamp 

The Uernst lamp, as explained, occupies a position midway 


between the arc and the incandescent lamp, 
atmosphere, very much as the arc does, merely 
protected from the weather by an outer globe, for 
the same reason as the arc. The light, however, is 
given out by a glowing pellet of the substances 


It burns in the 





Fig. 46.—“ Glower ” and 
Heating-coil of Nernst 
Lamp, with the Porce¬ 
lain Supporting Disc. 

The 41 Glower ” is the Fig. 47.—Another Form of Heat- 
Straight Portion inside ing-coil for Nernst Lamp. It 
the Coil. is seen above the “ Glower.” 


Fig. 48.—One Form 
of Resistance used 
withNernstLamp. 
The Thin Iron 
Wire is enclosed 
in a Small Tube 
similar to a Small 
Lamp. 


employed in the Welsbach incandescent gas mantle, made from the very 
refractory rare earths—zirconium, yttrium, erbium, and others. The 
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pressure exists. Only single-phase currents must, of course, be used 
for incandescent lamps, but the lamps may be connected in each 
phase of a two-phase service, and between each pair of the three 
wires of a three-phase service. They may also be connected between 
each of the three wires of a .three-phase service, and the wire con¬ 
nected to the neutral point of the service with star connection, as 
will be explained, always providing that the pressures are those for 
which the lamps are made. Incandescent lamps may be run two or 
more in series where convenient, as two 220 volt or two 250 volt 
lamps in series between the cables of a 440 or 500 volt service, no 
matter whether the pressure is that of a continuous current power 
service, or a two or three phase service. It is, however, unwise to 
run incandescent lamps in series as a general thing. Near the face 
where only a 440 or 500 volt service exists, the inconvenience to be 
mentioned, is more than outweighed by the convenience of obtaining 
a supply of current for light at the face. The inconvenience is, it is 
found, that when incandescent lamps are run in series, leakage 
occurs at each connection between the lamps, with the result that 
the positive lamp of the series receives more current than it should 
do, while each successive lamp receives less and less current, and 
gives less and less light, the positive lamp giving a much brighter 
light than the others, and burning out much more quickly. There is 
against this the solid advantage, at a pit bottom, for instance, of 
making only one break in the insulation of the cable for several 
lamps. The author's view is, that incandescent lamps at the pit 
bottom, in large engine-houses underground, and almost everywhere 
where a certain number of lamps are required, will be economically 
and conveniently run from motor generators, generating current at 
100 or 110 volts. As explained, the lamps are stronger and more 
efficient, and the lighting service is kept quite independent of the 
power service, no matter what the pressure of the latter may be, 
while motor generators are made of any size, and can be fixed 
practically anywhere about the pit. There is no more difficulty in 
arranging a 100 volt lighting service off a 3000 volt three-phase 
service with a motor generator, than from a 500 volt continuous 
current service. 


Portable Electric Lamps 

From the moment the incandescent lamp became practicable, it 
was the dream of mining engineers and electrical engineers to adapt 
it for portable lamps, to take the place of the ordinary Davy or 
Clanny lamps. In the very early days an attempt was made to use 
lamps at the face of the coal, the lamps being rendered portable by 
connecting them to flexible wires leading to supply cables, but it was 
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soon seen that this was impracticable. There was too much danger 
of wires being broken and causing sparks that might fire gas. With 
the development of the flexible cables for coal-cutting machines, 
portable lamps on these lines might be arranged but for the difficulty 
that the motors of coal-cutting machines are run at pressures of 
500 volts or thereabouts, and this necessitates at least two incan¬ 
descent lamps in series, with the additional danger of breakage of 
the cable and additional complication. 

Very early, also, after the invention of the incandescent lamps, 
attempts were made by Sir Joseph Swan and others, to construct 
small self-contained lamps with small batteries of accumulators 
carrying a small incandescent lamp, either on the side or at 
the top. The great objection was, if they were made sufficiently 
strong, and with a sufficient capacity for a working shift and 
something over, they were too heavy. The latest form of Davy 
lamp weighs a little over 2 lbs., and lamps giving a very good light 
indeed weigh only lbs., while the electric lamps with their 

accumulators weighed 7 or 8 lbs. One lamp, however, has sur¬ 
vived, known as the Sussman. In this lamp there are two small 
accumulator cells of the lead-oxide type, held inside a thin iron 
case, and with a small 4-volt lamp carried on the top inside a glass 
cylinder, and held by two porcelain reflectors, very much on the 
lines of the ordinary miner's lamp. The difficulty of the slopping of 
the acid has been overcome by filling the space between the plates 
with a substance, such as finely divided cork, that will absorb the 
dilute acid, just as a sponge does, without adding very much to the 
resistance. The lamp gives about 1 C.P. when the battery is first 
charged, and it will go on giving a light, gradually decreasing, for 
about 15 hours, so that if a man should be left in the pit, he has 
several hours' light in his lamp. A small switch is attached to 
the lamp, which, in the author's opinion, is its weak point, 
inasmuch as there is not space to make it sufficiently strong for 
mining work. On the other hand, there is no doubt that the use of 
the switch enables the capacity of the accumulator to be very 
economically employed. Lamps are charged, and are got ready for 
the miners, but need not be switched on until the individual miner 
presents himself at the lamp cabin; and therefore the storage battery 
is only losing by leakage, and not by actual current. 

The lamps are arranged to be easily taken to pieces, the accumu¬ 
lators being charged apart from the lamps, and the usual method is, 
a number of them are arranged in a series, and connected across the 
lighting service with a lamp in series with them, to show that the 
current is passing. In the author's opinion this method is not really 
economical. A much better plan would be to fix a motor generator 
in the lamp cabin, the motor taking its current from the supply 

a 










82 


ELECTRICITY IN MINING 


service, whatever it may be, and tit** veteran j f*un? bum urt* m e 
about G volts to a pair of bus bar \ i >.< . 4 ' 

would be made for individual paim of rdl - U* r, f m up v. »■. 

would merely have to bike the lamp apin' p / He 11 > 
and leave them to eh arm*. There Loul i :*< ,j pu» n ’ 

indicating that each battery \wi* beinj, p*“p ’ *♦ * f 4 ‘ N • e f f * 
could either he one of the lamp ptebr* « mpteyed ; P * 

or preferably a small low-reading amj-brf m r ^ p. *'» 
the current that wan going into fh«* batwy Tv | ' r -vh *b i 
lamp sutlers still, however, frem one want 1 p-m \:u o v :o:\ b* lu» y 
performs two ciflkm It give** !frh?, and if indo-.i’*' Hr j »• * * 

gas, the latter being accompli Ted by *• % * t f, r << v, te'*, 

gas is present, experienced miner being *ite v <* H ! y 'v ; r 
(lition of the flame, approximately tie* p r>*nte*’* i go ; p • v 
Several attempts lutve Iren made to add v * u g s e e • .* y > 
the portable electric lamp. Tire Knwnann * rg.v b* H f, 
apparatus of the kind, which lighted n "umiM red 1 cry .*<» ^ L- , t H.« 
lamp-ease, in the presume of p;re. And Ho-. H < wn v d e k< • 
apparently finite Mtirfml**iilv wiift oid iwy n mi , ,>•<;< 

town's gas, nowevor, roiri >lr very kip* L *.f },*> T .o*. e J " 
shown that it was the by dinger* gai mhei* «4. * ? * t r. g i /%* 
indicator. Mr. If. #L Ibeof«t walked *mt an * f |4 / a ,♦ 

free from this objectioii* tit which the prep sis** * *4 >* p r «.»*. * ^< 1 - 

were made use of,tfu* gas in nu e.vpli^nr atirn^L* P -- , /f* 

a porous diaphragm inf^ a «he-* d t h^nd «i<y * r,* ^ y 

dosing an electric Hihii! iu ttbi*b 14 *. «n im *. ^ * A k j 

oolouml red,connect***! to the unmbd** 1 Ti.e i\/i N ^ * P %- 

though this wifi ver>' IS 1 *'- !«('■<!' i< ' *1« '■ 1 .i-li* 

with it. 






< if \rrhi: i\ 

THE GENERATION OF 1 *I J«; I'HIf II I Y 
The I electricity Generating .Station 


f 4 \* u A h l\') Tt4 ,, 

4 y 

13m 

• li#r 

:ft! »^r,r 

*14^111! 

I<".i|I !J|r4||4^! I} » 4s..itt|i 

* | 1 a * * a! * g 4 

Vilfir, c.4 


n > i 

> 

> *4 i? 

r ^ ,» * ? i» 1 . 1 it 

tiMi f » ^ iij^ 144 i ‘. 

*t ** r ** 

» * 

1 

4 ', 

* 4 1 

. * ’ ' 5 , M 

* Min# i j* <v\ %; 

* * liU 4 

'* ' 

|*rr^: 



\ i /l *’ 1 t ’ 6< 

WAh't # * 

4% i wt* 

T*' 

' * i 

/ 

i>*4 k 

4 5i« < f r » 1 'i t k> \ *4 i 

r |4 l\ , Ih* * M 

$/; ‘ 4 , 

* 4 , 

1 *4*r 

•m*" V 

) , 

/;*«/' ) 4 ! « ’< J - 1 1 ^ 

4lJfrl«*n! j«* 1i!’ m|* 

5!* 4 si 


; * t 


| ' ^ 

. 

*Ui^ 1*>‘ <1 *Jm fcl hi*). 

V n ?•*, 



! f i *; * 

• 

1 /. . ' V . V 

Ml 1 14)4 |Jj* 

v 

S * 

*s * 

<4 j4 

%’ * 

^ 1 1 " t/ o. 

4 1*4 sG 

\Uh ' ’if 4 

'll 1 

4 ? 

!4p 4 


/ * t * *« a 3 , r ? ( «i 

WMfk* f)S *tf4« % f l*r 

s ^ 4 

l-fi 1 



If 1 


i;illy |»* f|i«< »jilf* r* g? 

P*hh*> 

i « «, 

ii44| 


^1* il. 

1 .la; i *■ i %' ^4’ 

rji^lfi^ 1 ^ ||rj4 *4. lit 

1 *' 4*;’ 

r4i 

i » 

fit i 

j- 4h 

II / . , * ■ a , ' >»*' 

fiiiiiiiiraUi , *4 i’^% t 



4 4, 

t 1 * 

* -t ‘ 4 IU *j, (/ 

^’11^141411/ t!«’! f jh*! ) 

- j, - 'ii: 

*4 li 


^ 4 4' 

4|tl4 s 

i :•) * hi 4-J? 

llii^ ft*fv f*4ii ll 

*’ 


>* 1 ; 

♦ h ' 

ucrtt 1 

** V 1 ♦ t ^ \ , i( **t 

J«l 4ll4«" *^t tnrfiry^ Mp 

| » 4 f %■“< f \ ' rt 

h l 

r* *! 

* v * r 

il !*,•;« 

■ <'' '.<>***' i hj - 4 ' hi < \ 

U**u *4i ft*’ 

^ ^ r U 

f 4 

44.■ 

‘ f * 1 

4 / 

i, ^ ' 

*)* *''\ -i\;* * ll* 4 

it i% M *. 

ll fr* 

, ( 4 

* 

rf f It'll 

* %*. 1 ! »«»,■' it > ( ; 

tlnit r i)i 4f inii;^ 1 

4 * 

i* 4 

i \ 4 


I| f>»‘ 

‘ ^ 4 * 


The Possibility of using Water Power 

fOi«‘*<f th«-ji, t .* 1 • ■, . -»/ 

H* n>*mU**n %4 *4*** *r:< atv i*? n f r ^ f * 1 * . ,> , < f4 ^ 

IW lltViflf Jill r^;|! m4 *t U <*“** ‘ * f r 4 l% [r « ( . 

f*irl # litii ilitir** will 11* 14 !<% • f *j t , f - > j f, 

wlm** ft will fTfty hi rf^j/1. *, ; fe , 4 bf | ^ , * < 

3tM 4, hi // * * ** , * i * ,* 







8 4 


ELECTRICITY IN MINING 


and for the power service, the whole of the coal raised being sold. 
There is at least one case on the Continent of Europe where this is 
done, though the conditions are very different from anything that 
exists in this country. Still, as the author hopes that this booh may 
be of use to mining engineers in other countries, where water power is 
more abundant than in this country, it may be of interest to discuss 
the question. In every case of this kind, in fact, in every engineering 
problem, there is one rule which should govern the use of apparatus 
of different kinds, viz. the balance sheet. In the present instance, 
even in the most favourably situated collieries, there will be a certain 
residue of coal which can be used to fire the boilers, unless it can be 
sold for more than the power which is to take the place of the steam 
it would generate will cost. It is often supposed that water power 
costs nothing. Mining engineers will know very much better than 
this, because they frequently have to pay high prices for water for 
their boilers. The reason for the high price of water for colliery 
boilers is not exactly the same as the reason that water power costs 
something, but part of the reasons for one are the reasons for the 
other. Water power can only be employed when it can be stored in 
sufficient quantity, in reservoirs or ponds, to insure that there is a 
supply of water for driving the water-engines at all seasons ; unless 
some river can be tapped at a high level, and the water allowed to 
run through the water-engine to a lower level, as is done so frequently 
in those parts of America where there is no coal. In either case there 
is the cost of making the reservoir, the canal or pipe line which is to 
lead the water to the water-engine, and there is frequently the cost 
of the electrical transmission line to the point where the power is 
required. The cost, then, of water power which has to be reckoned 
in the balance sheet is the interest on the cost of making the 
reservoir, the canal, pipe line, shafts where they are required, as at 
Niagara, together with that on the water engines and powerhouse and 
transmission line. On the other side of the balance sheet would be 
placed the cost of fuel and water which has to be paid for, together 
with the interest and up-keep of the boilers, engines, and accessories, 
or, as explained, the value of the coal that would have been employed 
for raising steam. In striking the balance sheet where water power is 
to be employed, when it costs less than the coal it is to displace, the 
balance sheet will include on the water side the interest and up¬ 
keep on the water engine and accessories, and the interest on the 
transmission line, less the interest on the steam plant. If the differ¬ 
ence between these is less than the fuel displaced can be sold for, and 
there is a market for it all the year round, while water power is sure 
all the year round, it is economical to employ the water power. 
Unless this con be insured it is not economical. 
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is another thing to be looked out for in this matter. In times of 
drought the water will be low in the reservoir, or the upper part of 
the river from which it is taken, and the available fall will be smaller 
from this cause than when the river is full. On the other hand, in 
times of flood, while the rise of the river at first will increase the 
available fall; after a certain time, if the flood goes on, the water in 
the lower part of the river and in the tail race also rises, and the 
available fall is again reduced from that cause. Having, however, 
obtained the available quantity of water passing per minute under 
the most unfavourable conditions, and the available height through 
which its fall can be taken, also under the most unfavourable con¬ 
ditions, the power obtainable is a certain fraction of this, depending 
upon the efficiency of the water engine. The efficiencies of water 
engines vary from 40 per cent, to 87 per cent. In addition to this, 
there will be the charge made by the electrical generators for con¬ 
verting the mechanical power of the water engine into the electrical 
power; there will be the charge made by the electrical conductors for 
transmitting the power from the place where it is generated to the 
place where it is to be consumed, say to the mine; and in nearly 
every case there will also be a charge at the point of consumption, 
made by some apparatus for converting the current from a high to 
lower pressure. In the great majority of cases it will be necessary to 
generate current at the water-power station at a comparatively high 
pressure, in many cases to transform it up to a very high pressure, 
10,000 volts or more, in order to keep the size of the transmission 
conductors down, and it will then be necessary to retransform the 
high-pressure current to lower pressures for use at the mines, etc. 


Forms of Water Engines 

The author does not propose to enter very much into the details 
of water engines in this book. As explained, the water must be 
stored unless Nature has done the work, as in the great lakes above 
Niagara, or in the great rivers from which power is taken in America, 
India, and elsewhere. The water must be taken by iron or wood 
pipes, troughs, conduits, canals, or any other convenient method to 
the water engine, and provision must be made for delivering the water 
to the engines, for regulating the quantity passing into each particular 
engine, and for allowing the water to run away freely after it has 
done its work. There are practically three forms of water engine : 
the water wheel proper, which was so much used by the sides of the 
old mill streams in the United Kingdom before the advent of coal; 
the turbine, which came into being for the purpose of utilizing small 
quantities of water falling from great heights, as in Switzerland and 
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elsewhere; and the water engines of the type of the Pelton water 
wheel, which may be considered as something between the large 
water wheel and the turbine. The large water wheel and the water 
turbine correspond roughly to the slow speed and high speed steam 
engines. The large water wheel has usually a very large diameter, and 
it revolves at a very slow rate, sometimes only a few revolutions per 
minute. Power is obtained in one form of wheel by allowing the 
water which has been brought down by the pipe line, or canal, to fill 
buckets which are carried at intervals on the periphery of the wheel. 
The weight of the water in the bucket falling through a vertical 
height, corresponding to a portion of the diameter of the wheel, 
delivers the energy liberated by its fall to the periphery of the 
wheel, causing the wheel itself to revolve in the process. As there 
is always a bucket coming under the mouth of the pipe line, and one 
or more buckets always falling from that position to the bottom of 
the wheel pit, the motion is continuous, and the useful energy the 
wheel is able to deliver is made up of the sum of the energies 
delivered by the active buckets during any revolution, less the 
charge made by friction, and by the eddies in the tail race. In 
another form of wheel, the pressure of the water, that is to say, the 
weight of the water column above that which is actually impinging 
on the wheel, is made to act upon successive projections of the wheel 
and to force it round. As there is always one of these projections, 
either actually in front of the stream of water or coming to it, the 
action of the water upon the wheel is continuous, and the motion of 
the wheel itself is continuous. The energy available at the wheel 
shaft is that of the pressure of the water column, that is to say, the 
weight of the column of water above the wheel, multiplied into 
the actual quantity of water passing per minute, less any water that 
may be wasted, less also the friction of the wheel and any back 
pressure created by eddies. In the turbines, of which there are 
various forms, there are always a number of curved blades surround¬ 
ing a central shaft, and the column of water is made to impinge 
upon each of the blades in succession. The water sometimes flows 
outwards from the centre, and sometimes inwards, the latter giving 
the highest efficiency. A portion of the force of the water acts in the 
direction of rotation of the shaft, and as there is always a blade 
receiving the force of the water, the motion is continuous, and the 
energy available at the shaft of the turbine is that portion of the 
energy of the water which is resolved in the direction of the rotation 
of the shaft, less the friction of the shaft and of the blades, and less 
any back pressure created by eddies, etc. This is hardly the place 
to go into the question of the construction of turbines, but it may 
be mentioned that the efficiency of the turbines depends very much 
upon the form of the blades. What is required is, that the blade 
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stall be of such a form as to convert the largest possible portion < 
the force delivered to it .into rotary motion of its shaft, and to deliv( 
the water which has done its work upon the blades in such 
condition that, on the one hand, as much of the available energy s 
possible has been taken out of it in passing through the turbine, anc 
on the other hand, that the water escaping from the apparatus sha". 
not be able to set up eddy currents which would reduce the efficienc 
of the apparatus. 

Short Description of Pelton Wheel 

In the Pelton water wheel there are a number of buckets 
arranged round the periphery of the wheel in the usual way, but th 
buckets are of a peculiar form. Practically, each bucket consists o 
two, connected at the middle, and the water is delivered against th 
buckets in the form of jets, from nozzles, something after the manne. 
of the nozzles of the De Laval and other steam turbines. The jet o 
water divides between the two halves of the bucket, and is deflectec 
to both sides out of the way of the wheel, the result being a very higl 
efficiency. It is known as the tangential wheel. Any one of th< 
water engines described may be used to drive electricity generators 
either by coupling the axles of the water engines with the axles o: 
the dynamos, or by driving the latter by belts or ropes. 

Steam Plant 

As already mentioned, coal will in the great majority of cases be 
the source of energy for lighting and power in mines. There are twc 
methods of obtaining the energy of the coal—by burning it in the 
furnace of a boiler to generate steam, and by using it to generate gas 
in a producer. There are two principal forms of boilers, known 
respectively as the Water Tube and Fire Tube, the latter being more 
generally known as Lancashire, or Cornish, or marine type boilers. 
The Lancashire type of fire-tube boilers is more generally used than 
the others. The principal distinction between the two forms of 
boiler is, in the water-tube boiler the water which is to be con¬ 
verted into steam circulates inside of tubes arranged for the purpose, 
connected with drums for steam, and for water, as will be explained, 
the gases from the boiler furnace playing around the outside of the 
tubes. In the fire-tube boiler the gases from the furnace are made 
to pass through tubes or flues while the water circulates in the 
containing vessel around them. In the Lancashire boiler, which is 
long in comparison with its diameter, and cylindrical in section, 
there are two tubes or flues extending the whole length of the 








Platk 1a. —Section of Babcock & Wilcox’s Water Tube Boiler, with Chain 
Grate Stoker and Superheater. The Superheater is the Coil of Pipes 
above the Boiler Tubes. 



pLATJO 1 b. .- “Climax” Boiler as made by Messrs. B. Rowlands. The (Ini! 

at the Top is a Portion of the Boiler Tubes. 
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boiler, and occupying a large portion of the available space, and the 
gases which are generated by the combustion of the coal pass through 
these flues on their way to the chimney. In Messrs. Galloway's 
modification of the Lancashire boiler, the long tubes described above 
are broken up by cross tubes. The object of this arrangement is to 
increase the heating surface, where the hot gases and the water are 
brought close to each other. In a later form of Lancashire boiler, 
the main flues have a number of small tubes arranged vertically, 
breaking up the space. In the Cornish boiler, also cylindrical in 
section, there is usually one large cylindrical flue in the centre of the 
containing vessel, through which the hot gases pass, and around 
which the water circulates, as in the Lancashire boiler. In both 
forms of boiler, external flues are formed between the outside of the 
boiler and the brickwork in which it is set, the hot gases passing 
through them on the way to the chimney. The Cornish boiler has 
gradually given way to the Lancashire boiler, principally because of 
the greater heating surface the Lancashire boiler is able to expose, 
and also from the fact that the Lancashire boiler more readily lends 
itself to the storage of heat by reason of the larger quantity of 
water it holds. In the marine boiler, which is another type of fire- 
tube boiler, designed originally, as its name implies, for marine work, 
there are a number of small tubes through which the hot gases pass, 
the water occupying the space between the tubes. The tubes form 
more or less of a nest. Messrs. Davey & Paxman make a form of 
this boiler, shown in Pig. 53, for use on land. It is used in 
electricity generating stations. In all types of steam boilers there is 
some form of furnace which may either be completely outside of the 
vessel forming the boiler, or which may form part of it. The furnace 
is simply a long grate consisting of fire bars, upon which the coal or 
other fuel that is to be consumed rests, with an ashpit below, into 
which the ashes fall, and having at its inner end, the end removed 
from the entrance to the furnace, a bridge usually formed of firebricks, 
over which the hot gases pass, the bridge itself being raised to a white 
heat, and performing an important part in the work of combustion. 
At the front or entrance to the furnace are doors, usually arranged 
in pairs, sliding together and meeting in the centre. In all types of 
boilers, one of the most important things is to make the hot gases 
deliver up as much of their heat as possible to the water from which 
steam is being generated, and in order to accomplish this, the gases 
are caused to traverse as long a path as possible on their way to the 
chimney, passing over different parts of the heating surface in 
succession. In the Lancashire and Cornish boilers this is accom¬ 
plished by making the surface over which the gases pass as large as 
possible. In the marine type the object is accomplished by breaking 
up the flue into a number of small surfaces, as explained. There is 
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an important point in connection with the matter of the passage of 
the hot gases through the flues, and that is, the hot gases obey the 
laws to which all fluids are subject in passing through tubes, etc., 
and create friction where they rub on the surface of the tubes through 
which they pass. The friction created varies directly as the extent 
of the surface over which the gases have to pass, and as the square 
of the velocity at which they are travelling, hence the large flue in 
the Cornish boiler was thought to have an advantage over the 
smaller flues in the Lancashire boilers, because the flow of the gases 
was necessarily throttled less in the larger tube, and therefore, as in 
all similar cases, the velocity in passing through the flues would be 
less. The question, as in many similar cases, is a very difficult one 
to decide, because it is so difficult to obtain exact figures, but 
practice appears to have decided the question in favour of the 
Lancashire boiler. In both Lancashire and Cornish boilers the gases 
are frequently given an additional run, through flues formed between 
brickwork built round the boiler, and its outside shelf. In the water- 
tube boiler the same effect is attained as in the Lancashire boiler, by 
interposing a series of baffles in the path of the gases on their way 
to the chimney. The gases passing from the back of the furnace are 
made to run over the surfaces of a portion of the tubes, and are then 
deflected by a baffle over the surfaces of another set of tubes, and so 
on, so that the whole of the tubes contained in the boiler are subject 
to the action of the gases. 

Forms of Water-tube Boilers 

The Babcock & Wilcox. —In the Babcock and Wilcox boiler, 
shown in- Plate 1a, there are rows of tubes inclined at an angle 
of about 30° from the horizontal running from front to back of the 
boiler space. The tubes slope downwards from front to back, and each 
end of each tube is expanded into a header. The headers are the 
junction pieces between the tubes, and they connect to the end tubes 
at front and back leading to the steam drum. At the front a number 
of short tubes lead from the top of the header to the under-side of the 
steam drum; at the back a number of longer tubes connect the back 
headers with the back side of the steam drum. The tubes themselves 
are in stacks, so many deep, and so many wide horizontally, according 
to the size of the boiler, and the quantity of water it is to convert into 
steam. The headers at front and back are slightly inclined with a 
vertical. They are at right angles to the boiler tubes. Above the 
tubes themselves is the steam drum. In some cases there are two 
or more steam drums. The office of the steam drum is to act as a 
reservoir, both of water and steam. The water is kept circulating 
continually through the tubes, through the headers into the steam 
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cylinder of the rear bank of tubes, and the upper header cylinder 
of the rear one of the inclined banks; and a steam drum is con¬ 
nected with the upper header cylinder of the rear bank, and those of 
the front banks by pipes in a similar manner to the Stirling. As 
with the other water-tube boilers, the whole of the tubes, furnace, etc., 
are enclosed inside the firebrick space with white enamelled bricks 
on the outside, but, in addition, both the upper cylinder headers and 
the steam drum are inside the iron or steel framework. The furnace, 
as usual, is placed in the front with the usual firebrick bridge, and 
the gases are conveyed by means of baffles up the front of the first 
bank of inclined tubes, across the upper part of the first bank to the 
second bank, down the front of the second bank, across the lower part 
of the second bank to the lower part of the third bank, up the front 
of the third bank by a somewhat tortuous course, first from front to 
rear, then from rear to front, then from front to rear again, and thence 
to the flue. 

Thornycroft Water-tube Boiler.— Messrs. Thomycroft have 
developed forms of water-tube boilers on lines of their own, especially 
intended for use on board ship; but they have also been used on 
shore, and there appears to be no reason why they should not be. 
The principal feature of the Thomycroft boiler is the division of the 
water tubes into a very large number of very small tubes, in some 
cases as small as 1 inch in diameter, and in the majority of cases 
not greater than 3| inches. In one form of Thornycroft boiler, 
there are two drums at the bottom and one at the top, and the 
small tubes mentioned connecting the bottom tubes and the upper 
tube inside an outer casing, which is of iron or steel in marine 
boilers, but which may be of firebrick for shore boilers, and the 
upper and lower drums are connected outside of the casing by very 
much larger tubes. The upper drum contains steam and water, and 
the lower drums water only. The water passes directly, by gravity, 
from the upper drum to the lower drums, meeting with very little 
resistance on its way. It then commences to move up through the 
nest of small tubes to the upper drum, bubbles of steam being formed 
as the water ascends, the water and steam finding their way into the 
upper drum, the steam being delivered to the steam space, and the 
water reinforcing that already in the drum. The small tubes are 
bent into the form of an arch over the furnace, and there subjected to 
the hot gases arising from the furnace which pass over and between 
the tubes, and finally escape to the chimney. A sort of wall is 
formed on the outside of the tubes, inside the casing, by two rows of 
tubes placed very close together. There are several variations of this 
form of boiler, but the above are the main lines. The idea, it will be 
seen, is to divide the water up as much as possible, and to provide 
that a small quantity is always close to some portion of the flue 
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facturwl by Mvmvh Willi«*% & It in, lu • r l* 

Balaioek in many r*oj*erf.^ %u4 I 14 }#*\ *w 4 *n ^ i 4 ^ e 

navy, Tim prmoijaJ feat mo of *t m the aaa^Voe *4 
Them* lire indius*fl ilighdy !.. tie* h<>! / in %»ij^or 4 o 1 - 
li0iikrn 111 tint front, 1 ml onlj Jdi , r d,* 1 d m 
into bauteis, the inmiigeimiii %( mm tub i?mde tip-idf, 

thit water going flown the iieode saW a^e! t^lnttk%up 11 \?,n> oi>t 

spacij !^twp*n the tuSnsn, 8«* fm ^ tie/ *nirj 1 * t !%V mr p/o 

boiltfr Iian not Uskh »««(•}< 4imw| m v,^a<try 

The UlituKX m «m AnK'nt^t* t#*shr, «»*'! *1»» iiv m •« * s-t*) ** 

Quuber t»f ©i«*itriexl jit'iwtafing *Uh<»o«! m ila* «v» »t}|iy, i»f«| m * 
bum) nutntar of wnrk« n( all ku«^ »» Auhtma it* tii# * 

^ n °T y l * n ® lw * ^ It 1* mwni»llf * **i#t hi** 

txaler, but the tubm *tv of very jamluw att 4 tiie«iit<mt *»! o-m*uv 
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types. The vertical cylinder ha* holm* driibd m i\ n, p<r.*fod 
throughout its length, and to these h«*le> are *■' me- '< : ’•!!- - < f 

the boiler, which arc comparatively email >n ’ •••' 1 ■ tr, ‘ ,J '* *« 

a spiral form. Each tills* j«w:» from a lew- in lb- <« >' d ’ > r 
at a certain height, ami alter j»-rf**rmni' a ••••Haw • • ' • *• « ’ !S 

the other tiling, oiit**r.H ih** wrtinil wutt * t <4< ’' * 1 * % 

of the boiler funw a vertical cylinder "1" » !i j’ >’ • •**» 5 

the furnace ami ashpit nrrupy tie* whole «4 tb** S '.*>« t i • it. » * f sh* 
cylinder, the hot gases passing up and nr* uloV.tv 1' ’**•'' »* i1l? ’ T "t-s' 
left by the eon volutions of the nils*:*, .ind tb*>iii« p'^m;' * <>■* .*11 
parts of their surfaces, and juwsiii;: tb-rc*' »*> <h> tmt -! *1 •'-*'•** -»rr 

four firebrick doors at jaunts t*P apart in ti-*' 1 • -w* t J -’ t * i v b‘" 
cylinder, and the furnace in •■«#•!*» -r4 iii'*i*f«* .* Ar-ai.-M n ?• ’ sre* 
lined with firebrie.k. The l toiler **reuj<i>' l* ' ’• fi 1 r ' J r ’ f- >•^ ,’Vk i» 
evaporation |«*r hour than most Uah-m I > > j »rp ••* •> *f »r>. • 

the outer casing is pierced with d'«>r» a!out f.* apai" >i:sVr< et 
levels, according U» the sizes of the 1 k>;]* i. >«jo! <f un ; *! ».*• n* 
galleries at these levels, built of oj# n n*<t»w > <rh, tb.d anv , *tt -4 
the boiler may las got at f<o ileantng p »rj ■"< •*. !' <■ ■' ■■*-,)> m 

Fig. 55 and Plate 11». 

What'Combustion is 

Before considering the smtrras of economy »» arnm^rn with steam 
raising, it may Is; as well to study «-«n»l»usti«*n it««df « <*al, m » »»11 
known, contains carbon, hydrogen, and other element#, and by cwwbu** 
tionwemeau the combination of th« carbon and the hydrogen »i*h the 
oxygen of the atmosphere, Tim rowbttiatmn «f «*»!**« with oaygvft 
liberates heat, 10,000 heal units approximately }*er j*»u«id *4 carbon, 
when one atom of carbon combine** with «*nw atom «? oxygen u> t otm 
carbonic oxide, and a further 4000 hunt unit# approximately wh**n 
the carbonic oxide combine* with n «*»»«! atom • i ■ ,*• n v, form 

carbonic acid, or the whole 14,000 unit# «>11 b^ lil*r»ticd when the 
carbon unite* with tha two ahmts of nxygrn at and 
combustion of the carbon i»ob!a»ne«i wh*m tie* «tv<b’ *4 tin* 
is oxidized to cntlsmie acid j but in the urdtifsry working *-4 * t«4l«f 
furnace this is very rarely kcmd^M. Mine mxUmm wtwl t* 
formed, some earlsmic oxide, and t*«u«** mtUvu i« Mm«l *»»y in 
a very finely dividwl and appears Utrt s<* uiwb. bavsug *••«« - 
tributed nowing to the general lasting eflw l Tbu umUttrt t«»n *4 1 lb. 
of hydr^en with oxygen, in the \m\*n%v u *4 tw.> a«**fn* > ( hyU*irm 
to one atom of oxygpm UbomtM approxitn#t»iy CA0W IimI unit#, and 
therefore fuels which aw rich in bydregwn }?»»«< * bigfw'r <ah>nfi*- 
value; that is, they liberate mow hnat in the «4 i«4«bncts*'*» 

than finds which aw not so rich. This fit one re«*a« why pxtrwfouHr 
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has a higher calorific value, for equal weights, than coal. But the 
above does not represent the whole case. Coal very rarely consists 
simply of carbon and hydrogen. Oxygen is also nearly always present, 
and very frequently other substances, such as sulphur, and what are 
generically known as dirt. The oxygen, contained in the coal practi¬ 
cally represents a certain loss of calorific value, inasmuch as it will 
absorb a certain quantity of hydrogen, the combination forming water 
in the usual way, every atom of oxygen absorbing two atoms of 
hydrogen, the number of atoms of hydrogen thus absorbed in satisfy¬ 
ing the demands of the oxygen contained in the coal being lost, so far 
as heating value is concerned. In addition, when coal contains 
sulphur, that also absorbs, or may absorb, a certain quantity of 
hydrogen, forming sulphuretted hydrogen, the effect of which upon 
the final calorific value is doubtful. Where dirt is carried in the 
coal, it absorbs a certain quantity of the heat liberated, in proportion 
to its weight and its specific heat. The dirt, using the term to mean 
substances that cannot be usefully burned, that do not combine 
usefully with oxygen, unless they are carried harmlessly into the 
ashpit, and until they are carried there, or are carried up the chimney, 
must necessarily be made to assume the temperature of the bodies 
surrounding them, and in so doing must absorb heat from the hot 
gases that are formed, and so take from the useful heating effect of 
those gases. When the coal is burned, the gases which are formed are 
raised to a very high temperature, and it is these hot gases which are 
made to pass through the flues and pipes and over the tubes described 
above, and which deliver a portion of the heat which has been 
delivered to them, to the metal surfaces over which they rub, the 
heat being conveyed from the metal plates to the water which is 
moving over the other sides of the metal plates or tubes. 

The British Thermal Unit 

Perhaps before going any further we had better understand what 
is meant by the heat unit, or, as it is termed in scientific phraseology, 
the British Thermal Unit. It is the standard which is adopted for 
all measurements in which the transference of heat from one body to 
another takes place. The British Thermal Unit is that quantity of 
heat which will raise the temperature of 1 lb. of pure water, at its 
maximum density 39*2° Fahr., 1° Fahr. Strictly speaking, the 
quantity of heat required to raise the temperature of 1 lb. of water 
1° Fahr. increases slightly as the temperature of the water in¬ 
creases; that is to say, the quantity of heat required to raise the 
temperature of 1 lb. of water at, say, from 80° Fahr. to 81° Fahr. is a 
little more than that required to raise its temperature from 39° Fahr. 
to 40° Fahr. For practical purposes, however, the quantity of heat 
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required to increase the temperature of 1 lb. of water through each 
successive degree Fahrenheit between freezing-point and boiling-point 
of water is taken to be the same, and this quantity is taken as the 
standard. The specific heat of any substance is the ratio between the 
quantity of heat required to raise 1 lb. of the substance 1° Fahr., and 
that required to raise 1 lb. of water 1° Fahr. The specific heat of 
water is taken as unity, and as the specific heats of the great majority 
of other substances are less than that of water, they are usually 
written as decimals. The specific heat of air, for instance, is 0*238 
at constant volume, and 0*169 at constant pressure. This matter will 
be dealt with later. The matter of the heat unit, it will be found, 
will follow us through almost every problem that we shall discuss in 
the course of this book. The British Thermal Unit has its direct 
mechanical equivalent; that is to say, the energy in one heat unit is 
equivalent to the energy of 778 foot-lbs. We shall find later on, 
when discussing the problems involved in electrical distribution, that 
the heat unit will come up again. The electric current delivers heat 
to the conductors through which it passes in definite quantities, each 
electrical unit delivering a certain fraction of a heat unit, and so on. 

But in following the course of the increase of temperature of water 
and its conversion into steam, we have to take notice of another 
property, known as latmt heat. If we take 1 lb. of water and apply 
heat to it, raising its temperature degree by degree, we find that 
approximately one heat unit is absorbed for every degree of increase 
in temperature, but when steam commences to be formed from the 
water, the temperature of the steam and of the water remain exactly 
the same, 212° Fahr. at ordinary barometric pressures, until the 
whole of the pound of water has been converted into steam, and 
the conversion of the pound of water into a pound of steam at 
atmospheric pressure absorbs 966 heat units, and this is the latent 
heat of steam at that pressure. At the other end of the scale, when 
water is frozen, there is a very similar operation, but in the reverse 
order. If we wish to freeze a pound of water, we have to abstract 
from the water the latent heat of the liquid , which is 142 heat 
units, and while the process of abstracting the heat units is going 
on, the temperature of the water and the temperature of the ice 
which is being formed from it remain the same, > viz. 32° Fahr. at 
ordinary atmospheric pressure. When all the water has been con¬ 
verted into steam, the temperature of the steam rises and also its 
pressure, as will be explained, unless the steam is able to escape and 
expend the energy that has been delivered to it. Similarly, after the 
whole of the water has been frozen, if the process of abstraction of 
the heat is continued, the temperature of the ice itself is lowered. 
The temperature of the natural ice which is formed in rivers, glaciers, 
eta, is usually a great deal below freezing-point, and the ice which is 
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formed artificially by refrigerating machinery is also usually made a 
good many degrees below freezing, so that it may remain firm and 
solid, and not become sloppy. It was mentioned above that the 
combination of 1 lb. of carbon with oxygen in the proportion of one 
atom of carbon to two atoms of oxygen liberated approximately 
14,000 heat units. These are the British Thermal Units just 
described. It will be seen, therefore, that there is a direct connection 
between the combustion of coal and the raising of steam. By the 
combustion of coal, a certain number of heat units are liberated, 
according to the composition of the coal. These heat units are 
delivered to the gases which are formed in the process of combustion, 
and a portion of the heat delivered to them is passed on to the water 
in the tubes, or, surrounding the tubes, in the boilers. The great 
object the boilermaker has in view is, the transmission of the largest 
portion of the heat present in the gases produced by combustion, to 
the water, and to the steam in the boiler. As with all machinery, 
under the very best conditions, the whole of the heat cannot be 
transmitted to the water; and in practice, what is known as the 
efficiency of the boiler, that is to say, the proportion of the heat 
liberated that is transmitted to the, water is comparatively small, and 
for various reasons. The calorific value of coal varies from 5000 
units per pound of coal for brown coal lignite, and similar coals up to 
14,000 heat units per pound for best anthracite. By calorific value 
is meant the number of heat units obtained by the combustion of 
1 lb. of coal in oxygen. The standard value for calculations is taken 
at 10,000 heat units per pound of coal. In describing the process of 
combustion above, the quantities of heat liberated by the combination 
of a pound of carbon, and a pound of hydrogen with oxygen re¬ 
spectively, was given; but those figures were on the assumption that 
pure oxygen was available for the process of combustion. In practice 
the oxygen of the air, which is diluted with approximately four 
times its weight of nitrogen, a perfectly inert gas, is used in combus¬ 
tion, and the quantity of nitrogen which is admitted to the furnace 
with the oxygen of the atmosphere, has also to be heated to the 
temperature of the other products of combustion, carbonic acid, etc. 
And here it will be seen where the value of the knowledge of specific 
heat and the use of the British Thermal Unit comes in. Nitrogen 
has a specific heat of 0*2754, and therefore every pound of air which 
is delivered to the boiler furnace brings with it approximately four- 
fifths of a pound of nitrogen gas, demanding four-fifths multiplied by 
0*2754 for every degree that its temperature is raised. As the 
furnace temperature is usually in the region of 3000° Fahr., every 
pound of air admitted to the furnace brings with it, in the nitrogen 
forming part of it, a demand of 638 heat units to raise the temperature 
of the nitrogen to that of the other bodies surrounding it, and this 
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number of boat units 5m tab ft frmn flm * which I .oi'm] bv Hw 
combustion of the coal. And tlii - v only am »<f r ? ^ 1 * ^ fe 

of beat which taken place in the baler t^roee l to r* *'» * » M * 
12*2 lbs. of air arc sufficient ter the msubu f ia* <d 1 lh * * 4,5 * o, 

but it is found necessary to admit from 1 4 * b* *4 I' *\ s *f uo }* * t * ' m’ 

of coal consumed with ordinary chuue > di e; ^ \^ m »• ti >u 
and hydrogen of the coal can on!? ^uuf' m- «b ? i - r . i 

quantiticH of otygen that have been muff*' *, tic* n/h # » n ** m a* ne 
over from the air, from which ttm owy* u *4 * *ud’ »4 * u ^ 

and the whole of the surplus air cupplm I, 41 d ^>»f» I h' i* b* **< - 1 

liberated by the combustion of tie * >il e I * t u-o *h< m v* 1 im r« 

turn of the surrounding bodies. ’Ilm an mid ?m m'* 1 * ’ - 

which is so heated, form part ot the M .m ? m» 4 < v “ *' <w 

passing through the flttrs and found ft* j q* * ad h / ?% v ***« 

their share of delivering heat to tSo* fin^.u -* if e* ' ^ V «U4 ** > 
rub; hut the point is, tie* frairuur^mn *>f t!§* lea* !r to * b* < - 4 f * 
the metal surfaces could have In n a^aiif*!? b* I V' •** ’** 4 f * 1,1 f 
carbonic acid gas formed, if complete **<mbo u *i» he! Mo *4 % *v * 
and if no diluent hud been present. Jo a Ida j v, r« "ma o 
another jaaudifir actJrui, However <ar* folly • ■ J o.ii I o,a»4 >% 

certain amount of dust m form* d, ami do I i * ie aa 4 n v * pi " 

of stoking, and fit the otrlinarv *f * * nd et .• u tb'*»* 4 

mechanical action of the lift! $ee*o‘* parang fra, * d * o t 1 #• 
furnace bam to the tine/, *mmewim? -anol o to fh <f f ft*- 
water nmning, Ht\\ tliroisgh a i oab wa* hing nee him* 1 b* !y 
carry mintiti* parfieli^ <»f roah und ubo non^t*' *4' of; • to 

bined cmrlwn with them m tie ir jm *ia ^ * »nd | ou U .* «I #«/ 4 

or of curlsm not onlr js*rfoiifi no n^dol iio»# m f\$* ?a * Ci i» 

heat, but they aho dfunand that le if 4 ill J*’ o»d, v. iLno t u 
onler that their temp* latnre nn\ 1 e nr* 4 o* ^ 4i rr^ hi 
which they are imprisoned, mni fIn*» }w*e r. nih'% 
lita*rated by the useful comhirdion of t! ** «^i| An I lN*i* r? 
another source of lo^i of heuf, «i rut)?* % 4 tlniro^i f a 
lil^rahsl by combustion. The ntt uhe h i” t ib« 

is, in flic great i«a|ority of ?*| .* \ny ,010 li h w* «■ 

than the furnace if mlf Ki>n nhen* the l^ai* $ ro^ **> at u « 


pamtively high temj^rafnre, an opprr 1 ' r*o ?*'fo}#*r4tan fa tho 
stokers, the. utr pausing into the furtwe li u, tl^ f*4< r t^*ci o* 1 
great many lintidmil degrei % lower in temj^raf ute th/an tho 
burning criil on the tire hura, aiel tlir fir?4 tinny whi4# lo'ijq#o% n)^n 

air is admitted, m wdn*n the fmnmw itf** iq^lied fa tb* | Hfjtr^r 

of stokiag, or in with tin* wit j«w< 4 in* thtno/h th* ^tj.jt. 

and thenco through th« fin* Imn* to <h<> hurnmg ><>4, »*. tlt< »!»■it 

absorbs a largo quantity of hw»*.ditriily in i^op.rtu'M !** n» w«.ght 
and to its »iwdfi<! heat, or, nay, aj»j<n«nnnu*ly » qoartor nf * t«*/»s »u*jt 
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f, i| * v* n J, ulU \ 4 M %<>ll**'**« I * *4 w '■> f* ^ ,s ‘' } 

t ht» liiu?' .** *• %* K * ‘'f’f* H*‘ • **'• '*'*>' y} ‘;* 

$ - t»sVu ;% 4ifl* *tln *n 4 | * ! 1 f ' * * h4 ' 

a44|*a f «r a;*> # K'7A * **H'. *' * '* * M ' • ‘ 1 ** 

!i4ll4 fir Alt * hVn v b) 4*'* M* S^rr* r I b fn.sr i!»j ^ ^ ^ * ls 4 

»i di.iUii' • *1 tmj in;* * 3$< '. 'U"«4b M •»**•! i«-f4* i4*m" • *; ■’ * *• • ’ ’• \ ui > 

411 * Ilf ? 111 ** * I »ll I ? >< A * t •' 4 -it l| J ’ 1 * i * 5 f C ♦ * ’# ^ f J •* 

j < f.Miip iifn! 'iniii! h$ *»» f 1** ♦*/}•’< * *4 flu «w lu * a *‘ 4 ’ # *f 4 f < < f ‘ 

If bmvr * 9 )>* i ifttfv j f t 1 ^ Ilirti *A ,»M4 j* t '<*>; *r f * 1 »' 

ami ; it frfpl- f * ivf'-M 1 ?1‘ <§ 'iunVy »*5 Mu**.# lw,'ri o «ii 

miniii * **& »\ , *n4 * * n 

Apparatus for ticmwmlzln^ In Coal and 1 Jibour 

Mechanical Stokers. 1Vi»' r. 4 ^-*4 "f ** *•**'• ■* '-*1 

will* Inii4 m * l** :»fv *« itnj- n?> -4 » . 4 ;:*^ *4'*- wlnirvi^ 

t|*P fiiril'V'*' »1^|| 4fr wf* ;* 1 uy | ’vf‘> I? 1 ^ ( IJ I' 

fllfll%4* WJi* n llr U ;j*-f |4;fI«-%»* : ? f ^‘4 |/) * 

*’4f**t«Hy it 1h'4t t^ f 4 ' 4 p\ !|iWj|V 1 .% 4 rt«,||f| rS 

r«»il"4ii*4! rli^'iitiy iMf# l^ilij^^ *4 i «?rt 4 I if n * f ?4m 

iii»l i%’ » 4f %^l *! ** Ip-? f l f T *5 ?p’4iii 

j»jffiHt!4«* l** m , li**'!i ii !.Miil< K f fmim^ m hnug l»y ^m44»n$ 

i^1i:i« 4 «f l#ln#e|| #'fli«k«* If will ll*r »"liilfili«i” !l*w*’ >*ii 4 ' *4 

ffciili«.if:iiy in lip’ $fi*-cjinii|ir;ii| * a iv4*ii4 ^ ah \i\ ff%|iiifii$n 

c«irifii»i« ¥ r#l#|i^ «lili f4it» # #n4 «** It i* 4«nl#t<«il wlwil^r 

llii? i«.m| in.wi|itnirnl rmi cmtnjmlm Willi n r«nll«’ ***«4 mI 

wliti known In* wotk, Wfi«‘l who i.« Ii*<t41ni|| # n^r*| «|i|.*fii|' #4 
flint ; lit|l t>-% 4 4rry |ifir||cal ltl^l»Iiii»i fl«t»krt *.^ much Ifc^n 

till? wtcifcnf, mill m ||i?liitfmllf l^ilrf llitu lilt's tfnfllfw 

wtiinti iy Ittirf lilt, wliiii ilin nii|»fiii«w li#a I*# w^rk I#* I«i #44iti«?», 

tlie iiii^JiiiiiicAl nv*k ».t rii-jllint .4 mu* l h*wm *|ti.«Iiii «*f *■*«& u* 

I m iiiii|il»y«J. |y%nn tin* *rfv tw ,»i f 4 m .'4 • iti^nl m imi 

ulilis ft# ii;fi'ii»'l « : i||i tmm |#|f#li« nl 

Fi^rms of Mtcftanical St#ktr, -• 11m tivri«i#ic*i wlucii 

ib |*i /wn tnk« tir , ■«€ «tw4 ja^rlotm 

<i|/4llfjr | fill#l*|If l«m#l fmmi ||#i amt I** tJi*f ||| «|*|,#nl|||p» 

and* lliil tint fiirt»c» »mii ^bmt witli ii -n^i # 4* .n. 

mil ii tt»tt#i nl#* |a^rf«rii* lli«’ kn**wn ^tint^lly ^ *t**k»9»i?. 

pifn|Ili«l by fin fi|#,4rf 4lip ^4#nit4 4lpt thnf l*., "’I-p ^ 1 /’ s ^ 

i*f which i# U» pfiiwnit 4iff^y^t*l ^mi%M «l U*w fn«t i« iii« |i#ii!p,si |#tt 
*#f tJ» lilt $11 noil, bjr k*w|4fiu llin fm\ mmm m tmm in 

ifi«il..i«#ii # In anjcfifif rfitn|ilyifc coiyihtmlncm Th^raf liitw tir*ir« h«*^» 

tl|i#fl wtimh lll« ffillirnl ifr 4«'?.y/f*rti II 4li %U f * v, *A ^ 

cnal » pliiiil in n lt«|*|^t r diiwlly tl»n vniran*-.** t** tl*o 
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being opened periodically, tuiti it orriain quantify uf fh* r ! )* 

ejected from the hopper on to tlw tnrrn^ him . Ift/^ fr-rm G 
mechanical stoker the hum am urraugi'd in fwu iiivum?** b trs 
forming one act, and at certain interval?* *m** of *r» ^ puaj*' 1 
up, the other act Iniing dupmniivd, I hi? ri'dng »*f * ^ * : y»d *b*> 

depression of the other tending to dHMirb Jlir uhoj*- nf *b^ rind 
upon the bars, and to givi* it a tenv.*! i J ? 4 j. 

form of stoker, the bam am givon a jerk p^n'dr* Uh, \u4i fh 
same object. Plates 2a, 11 , shuw ll*alok#!i ; oii •? *m< %i 'A***,' x. 

which is constructed on thru* li»*w. In lb** Itibr<*k rki;i$ o , h ,-* 
a different arrangement ruler. Tie* wind** %*\ t!»* ri*uu** <• ***** 

formed into an ondlcrs olniifi **f d*rp link*' wlnt w< oS-1 te 
in a link of an ordinary cdtatii U»mg d* job 114 ^tV ..} th»- 

chain stoker, Thu i*ndlw J, t rludii j»a m* * m*-* *;*l<**f m 1L* 1 fy-ti! 
of the furnace and at I hi* bark* ai well 1 ! dafWrnt }«4tte * f *Vs 
length, so as to reduce friction. Tlir rind *** ^fted **n fb«* 
of the chain from the h<»pj* r, in tie* ^mur tti'rfwt m with flo* 
others that have !*mi tmntimmh and »< grinlualh* '‘nnw i 
by the motion of the chain it:odl Tim rhnm v* * ,, *nnno riJy ny*\iu t \ 
so that its iipjatr portion, wlimh fornri flu* fin* v* 

towards the back of the and %tn Tiarr f- ‘fiooi. %%LtrI4 

passes tinder tins fim grale* and whirl* forint ?fr rHuin hsli *4 
the chain, is moving towards the front uf the hr** gMte 


Natural, Induced, and Forced Draught 

It is well understood that it « n*«vrfiary f« have a »! isniicy 
in connection with a boiler furnace, for the Minn mw*<n m it ».« 
necessary to provide an upcast abaft to a cml -pit. An m }4aint*l *1 mm\ 
for combustion a certain quantity of sir must \m §«wM through 
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sufficient draught, hence a not inconsiderable portion of the heat 
liberated by the combustion of the coal is carried uselessly up the 
chimney. In addition to this, the similarity of the problem of providing 
draught for boiler furnaces, and of providing a ventilating air current 
for a coal-mine, will have presented itself to mining engineers; and 
just as mining engineers have displaced the ventilating furnace by a 
fan, so boiler engineers are gradually moving in the same direction. 
It will be understood that, as in every engineering problem, it is a 
question of the balance sheet. If a chimney is depended upon for 
draught, the cost of creating the draught may be taken to be the 
interest on the cost of the chimney, plus the amount necessary to 
be spent on its upkeep and upon clearing out the soot periodically, 
plus the heat wasted in the hot gases. The chimney may be replaced 
by a fan, acting either by suction or by pressure, just as the old 
coal-pit furnace has. With the suction fan, what is called induced 
draught is employed. The fan is placed near the base of the 
chimney, and the hot gases are sucked through it, just as the 
return air is sucked through the fan at the top of* the upcast 
pit. With this arrangement there is no necessity for any special air 
supply at the front of the boiler, except to ensure that there is always 
a sufficient quantity available. There is, however, the obvious 
difficulty attendant upon using a fan through which gases at the 
very high temperature at the back of the boiler must pass, and that 
of the constant deposit of finely divided carbon in the air passages. 
The pressure fan is placed at the front of the boiler, air ducts 
are laid to the ashpits, and the air is forced into the ashpit and 
up through the coal on the furnace bars, just as a pressure fan 
at the top of the downcast pit forces air into a coal-mine. This is 
called "forced draught.” The fan has also been replaced by steam 
jets. An air duct is placed in the side of the boiler leading right 
under the furnace bars near the back, and a steam jet is fixed in the 
centre of this duct, the jet impinging on to the furnace bars above. 
The steam from the jet condenses on the lower side of the furnace 
bars, and in doing so creates a difference of pressure between the air 
at the furnace bars and the air in the boiler house outside, the result 
being that there is a continual passage of air through the duct, 
which is hell-mouthed on the inside, and the furnace bars, the effect 
being the same as that created by either the pressure or the suction 
fan. In addition to creating a draught, the steam jet exercises a 
cooling effect upon the furnace bars, thereby reducing their wear. 
The steam which is at first condensed upon the bars is afterwards 
re-evaporated, and the heat required for evaporation is taken, as 
usual in these cases, very largely from the bars upon which the 
condensed steam is resting. Again, it is a question of a balance 
sheet between the method of creating a draught by a jet of steam, 
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and by either of the fans. On the one hand, there is the cost of 
the steam used, and the interest on the cost of fixing it to the boiler; 
on the other side is the interest on the cost of fixing the fans and 
whatever may be employed to drive them, plus their upkeep, and 
plus the cost of driving them. With either form, however, the 
height of the chimney may be very considerably reduced. All that 
is necessary where induced, forced, or steam-set draught is employed 
is, that the chimney shall be of sufficient height, and its sectional 
area sufficiently great, to carry off any carbon particles, smoke, etc., 
that may pass through it, at a height sufficient to prevent their being 
a nuisance. Where the chimney is already built, as in so many 
cases, it is not so easy to show an economy by the addition of fans 
or jets, or other means of providing additional draught. The great 
drawback to the chimney is, in certain cases, the fact that its ability 
to create a draught is limited. When all the dampers are out and 
the chimney is doing its utmost, the draught created is the largest 
possible without the addition of fans or steam jets. On the other 
hand, the conditions required for the economical burning of low- 
grade fuels and of coal-dust and similar substances are that 
considerable draught shall be obtainable. 

Methods of Burning Low-grade Fuel 

There are two principal forms of cheap fuel that it will pay 
colliery owners to burn, if they can do so without increasing the 
running costs of the colliery in other respects, viz. the coal which is 
unsaleable, that which exists very often on the outside of a coal seam 
or between two seams, and the dust which is recovered after washing 
the coal for coking, and other purposes. There are two methods of 
burning the bad coal—that which is largely mixed with dirt. One 
is by grinding it up to a very fine powder and driving it into the 
furnace in a cloud mixed with air, the other is by burning it simply 
on special forms of grates provided for the purpose. Messrs. Meldrum 
of Manchester, who have worked in the refuse destructor field, have 
developed a form of fire grate which they claim will burn practically 
any kind of coal, or, in fact, any kind of fuel whatever. The fire 
bars are made in short lengths of a special section, and fitted very 
closely together, two or three consecutive bars going to the length of 
the grate, the bars interlocking with each other. Every method 
of burning low-grade fuels, or fuel dust of any kind, requires the 
provision of a considerable draught, very much in excess of that 
necessary with lamp fuel. In order that the fine dust and the low- 
grade fuel may be consumed, the air must be brought into contact 
with every portion of it, and this can only b© done by driving air 
through its mass. On the other hand, the draught must not be 
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sufficient to carry the dust 
through bodily. In Messrs. 
Meldrum’s apparatus the 
draught is supplied by a jet 
of steam, as explained on 
p. 105. The steam is provided 
from the steam chest of the 
boiler by a pipe arranged for 
the purpose, but before it is 
allowed to enter the “blower,” 
as it is called, it is super¬ 
heated by passing through a 
tube fixed in the front of the 
furnace over the dead plate. 

The other plan of using 
dust or very low-grade fuels 
is, it is placed in a hopper 
in the same position as the 
hopper of the ordinary me¬ 
chanical stoker, and a fan or 
other apparatus carries it into 
the furnace. The coal may 
be ground specially for the 
purpose, as in the apparatus 
known as the Cyclone, in 
which there is a special form 
of disintegrator, in which the 
lumps of coal and dirt are 
torn up by revolving discs, 
with projections upon them, 
and the coal-dust produced 
is cleaned from dirt by centri¬ 
fugal action. Or the coal- 
dust may be obtained from 
the settlings in the water 
tanks, into which the water 
that has been used for wash¬ 
ing the coal is allowed to run. 
In the most modern forms of 
coal-washing machinery, the 
water, after it has done its 
work in washing the coal, 
is passed into tanks provided 
for the purpose, where the 
dust which it has picked up 



Fig. 56.—Sectional View of Arrangement for burning Goal Dust, in a Lancashire Boiler, by the SchwartzkopU Process. 
The Hopper is shown on the Left, and the Revolving Brush which delivers the Goal Dust into the Furnace below it. 
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for working against pressures up to 300 lbs. per square inch, and it is 
made in the form of the ram pump, with simple steam or compound 
steam cylinders. The pumps are also made horizontal or vertical, 
the horizontal being those most frequently met with. 

The electrically driven pump for boiler feed is nearly always 
the three-throw ram pump. This pump will be explained more fully 
in Chapter VI. Meanwhile it may be mentioned that there are three 
pump cylinders, each having a piston attached to a rod, the three 
piston-rods coming out to three cranks carried on one shaft, and to 
this shaft an electric motor is geared. The three cranks are spaced 
120° apart on the crank shaft, and each ram or plunger, as it 
rises in its cylinder, opens its suction valve, the water entering the 
cylinder, and as it is forced downwards the suction valve closes, the 
delivery valve opens, and the water is forced into the boiler, or 
wherever it is required. A variation of the three-throw pump is the 
variable stroke three-throw pump, of which there are two forms, both 
electrically driven, the object being to vary the quantity of water 
delivered to the boiler, or elsewhere, without varying the speed at 
which the motor is running. With the ordinary arrangement of 
the three-throw pump the stroke is fixed, and the quantity of water 
pumped depends simply upon the length of the stroke and the number 
of strokes per minute, multiplied, of course, by the number of 
pump barrels, so that variation in the quantity of water pumped in 
a given time can only be obtained by varying the number of strokes 
per minute, that is, the speed at which the pump is running. 
Messrs. Mather & Platt exhibited at the Glasgow Exhibition of 
1901 a variable stroke pump, in which the three cylinders are arranged 
in a cylindrical casting around a centre, the pump being driven by 
an electric motor, and the stroke of the pump being regulated by an 
arrangement provided for the purpose, so that the quantity of water 
at each stroke is varied instead of the number of strokes. Messrs. 
Hayward, Tyler & Co. have also introduced a variable stroke three- 
throw pump, in which the three pump cylinders are carried in one 
casting in the usual way, the three pump rods coming up to three 
eccentrics on the crank shaft instead of to three cranks, and the 
stroke of the pump is varied by means of the eccentrics. The boiler- 
feed water may be heated either by making use of a portion of the 
wasted heat of the gases from the boiler furnace, or by using a 
portion of the heat remaining in the exhaust steam, or both. In the 
latest electrical generating stations the feed water passes first through 
a steam feed water-heater, and then through an economizer. 
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Injectors 

The injector is an apparatus that is making its way more and 
more. Though it is, strictly speaking, a pump, in that it draws 
water from the hot well or tank, or wherever the water supply is to 
come from, and delivers it to the boiler, it operates by the aid of 



Fig. 58.—-Arrangement of Messrs. Holden & Brookes’ Injector for 
feeding a Lancashire Boiler; View in Front of Boiler. 


steam alone, and without any moving parts. The apparatus consists 
of an arrangement, as shown m Fig. 58, in which there is a pipe 
connected to a supply of steam as from the boiler, ending in a nozzle, 
aranged so that the steam will enter at a considerable velocity. A 
pipe, carrying water, enters the chamber into which the steam from 
the injector delivers, and the steam, passing onwards through the 
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passages of the apparatus into the boiler, draws the water after it, 
carrying it with it into the boiler. The injector may be used with 
exhaust steam, though care must be taken that the oil which comes 
over from the engine cylinder with the exhaust steam, is eliminated 
from the steam before it enters the injector, or the oil will be passed 
into the boiler with the steam. When the injector is used, the feed- 
water heater is sometimes displaced, since the steam heats the water 
it carries with it to a certain temperature. It is claimed that an 



Fig. 59. —Arrangement of Messrs. Holden & Brooke’s Injector for 
feeding a Babcock & Wilcox Boiler. 


injector, working with exhaust steam, will feed a boiler against a 
pressure of 75 lbs. per square inch with feed water at about 65° Fahr., 
while with live steam the feed water may be injected into the boiler 
against a pressure of 200 lbs. per square inch, by properly proportion¬ 
ing the pressure of the steam in the injector, the feed water in that 
case reaching a temperature of 250° Fahr. Figs. 58 and 59 show 
the connections of Messrs. Holden and Brooke's injector for feeding 
Lancashire and water-tube boilers respectively. 


Economizers 

The Economizer has been so named by the firms who have 
introduced it because it is claimed to economize coal, though it is 
only one of a number of apparatus designed for the same purpose. It 
consists of a number of iron tubes fixed vertically inside a brick 
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chamber, through which the hot gases from the boiler are led 
on their way to the chimney, and the feed water for the boiler is 
forced through these tubes on its way to the boiler. A portion of 
the heat contained in the gases is extracted from them as they pass 
through the economizer, the heat being delivered to the feed water. 
The hot gases which pass around the economizer tubes deposit carbon 
in the form of soot on the outside of the tubes, and unless this is 
continually removed, there is the same building-up of resistance to 
the passage of heat to the water inside the tubes, as with the scale 
on the inside of the boiler. The makers of economizers have 


.grappled with the problem, and all apparatus of the kind are fitted 
with scrapers, arranged to clasp the outsides of the tubes, and to be 
kept continually in motion, removing the deposit of soot, the soot 
being allowed to fall into a pit below, and 



removed when convenient. The scrapers are 
worked from above by a mechanical arrange¬ 
ment devised for the purpose, consisting of a 
long girder supported at each end, and carrying 
pulleys, over which chains pass, the chains 
having scrapers at each end. The chains are 
kept moving up and down, pulling the scrapers 
up and down, by any convenient source of 
power, such as a small engine, and more fre¬ 
quently, when electricity is generated on the 
ground, by an electric motor. There are a 
number of forms of economizers, the differences 
between them being in the forms of the tubes, 
and in the arrangement of the scrapers and 
methods of driving them. In all forms it is 
endeavoured to arrange that a thin stream of 
water shall be passing in the tubes at a com¬ 
paratively high velocity, separated only by a 
small thickness of metal from the hot gases. 
Plate 2d shows Carter’s economizer, and 


Fig. 60.—One Arrange¬ 
ment of Feed - water 


Plate 3a a battery of Green’s being fixed at 
a colliery. 


Heater. The Steam 


passes through the 
Pipes, the Water in 
the Space surrounding 
them. 


Feed-water Heaters 

The feed-water heater consists of a closed 


vessel filled with tubes, and the arrangements are different in 
apparatus by different makers. In some forms the steam passes 
through the tubes, and the water in the space surrounding them. 
In other forms the water passes through the tubes, and the steam 
















































THE GENERATION OF ELECTRICITY 115 


in the space surrounding them. In either case the steam is made 



Fig. 61.—Boyle’s Feed-water Heater. Fig. 62.—Vertical Transverse Section 

of Messrs. Boyle’s Feed-water 
Heater, showing the speciaUy 
formed Tubes employed. 

to deliver as much as possible of its heat to the water. Figs. 60, 
61, 62 show two forms of feed-water heaters, 
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Water Softeners 

Another important source of mummy in wgf, ] A* i 

work, in a great many cases, v\ tin* wafer 'oftenrj. 11 *• * n!» w *u ? 
available for rawing strum very *>fi* n runtnun *'b! * * ; *,v> 

magnesia, ami other mibuanrrR The iiSN rummonh j * * * * * 
carbonates of linn* and mugneida. whirl* give ir %* m 4 A,V 1 

temporary hardness, The sulphate* <if lime und m * m* * 4, r 1 » % G * 
element h, are also sometime^ jnvrrnt. giving n r ?u uPa* % 1 % * 

permanent hardniMa The, jieetdiariH of the f s?c ,114m ** ft •»» , 
are usually present in wafer iy bicarbonate'*, that $* **,!}, va j. t 
lions of oarkmie arid in rouibinuf um with the me? %l t 1 hi hi - n>„ 
are soluble in water ft! ordinary temper if ore* lust ?k- * **b >,,?*>• /* 

insoluble, lienee, when the feed wafer * he nt 4* jm *h« y 

E inio th<* boiler, dissolved in the witer ( big when •!?» „'•* 

ed, one portion of riirbonie arid ft dmen off, «h* .< irteurcm -* 
precipitated njmn the surface of the hod *t *n the mat#! aiJ 4 
scale is gradually built up width luei a t^vmh ra! *k th«r*Md tm#* 
ance, hosides reducing the available wain The ,nl* f W te> wU- h 

form the permanent hardness air not driven tiff by h» Vm* Is > ^ 
also deposited upon the water airfare of the * 4> i 4 j * . 

electrolytic action, and the mini#* result follows The **j, }, * , * % 

kdler may be very roiridernhly mfnr* d by the #* of * 

thickness of scale. All the water ‘Otfteem on i|e mmkH *r«* * u 
certain general linm In nearly all of ikon l»oit 4 * ^ppW? ««, T- 
fawl water before if in allowwi to rt§tet ?h* U ikft I* 1 *h»* j>e*j, ^ , f 
driving off the carbonic and, thereby pn 4 m in) iU< **,» Gi b 1 is 
bonates, and time are pmupifated hi the ^fdg s ti ,4 ^ r * fjNn 
quantity of lime, The j#finanently haid air 
by the addition of lime anti o^jn In #Jdi!mn f., if e 4 )^ »tt t| lf r 
monts, nearly nil the maitei m4n*urf% imTtide filter »i 4 p f| 4 „ 

insoluble iiilwtiifieci flwt have |re« prefer#*! by 1 U# ,4 t\ h *, 

chemical reagentT he niakrr^ of w -iiet ?arftrnme app*ri»i ui liAtw 
turneil their at bm lion prinripiilly to maksfig then atiMnafe , 

and their appiRifiw cummin v*rion# «jevires I4 winch % ^rti4ii# 
quantity of the migenM np* *MM to 11 rert^nn* quantitr r| wi#irf 
p^dmlically, a rntlier favourite b-rin Iritis « ttitidding 
which, when filled with water, a definite tlmtg** of Gpnurtb* 

and then empties itself into the neit p«tti«in of the 
Plate 3b shows JtoyleK water softener fixed at « wMmy 
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Grease Extractors 

Another apparatus, also tending to economy in the same way as 
does the water softener, and sometimes in combination with it, is the 
grease extractor, or the oil separator, as it is frequently called. It is 
necessary to use oil in the steam cylinder for lubricating the piston, 
and at every stroke a certain small quantity of the oil is carried over 
into the exhaust in a finely divided 
state, and a portion of it is 
frequently deposited upon the 
condenser tubes, where surface 
condensers are employed, but some 
of it finds its way back into the 
boiler, and is one of the most 
frequent causes of the formation 
of scale. There are almost in¬ 
numerable oil separators on the 
market, all of them working very 
much on the same lines. The 
steam in its passage to the con¬ 
denser is passed through a vessel 
in which it is given a whirling 
motion, and in which there are a 
number of baffles, the object being 
to stop the passage of the minute 
globules of oil, while the steam 
passes on its way, the oil draining 
afterwards to the bottom of the 
vessel, and being removed by a 
pump, and used over and over 
again after filtration. The objec¬ 
tion to this method of extracting 
the oil is that the pump which 
removes the oil, can only do so 
by creating a higher vacuum in 
the oil separator, than the air pump 
is producing in the condenser. On 
the other hand, it is a distinct advantage to remove the oil from 
the steam before it passes into the condenser, because the efficiency 
of the condenser will be distinctly reduced by the deposit of oil upon 
its pipes, and this is a not infrequent source of trouble with surface 
condensers. If the oil is not .removed before the steam passes into 
the condenser, an oil filter is interposed in the path of the feed water 
before it enters the boiler. The oil can be used over again, if filtered. 
Fig. 63 shows one of Wells’ apparatus designed for the purpose. 



Fig. 63.—On© Form of Wefts* Filtering 
Apparatus for Waste Oil. 
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Coal Conveyers 

Another apparatus which eontribut* b* * * "ic-m;* wIcMh* -a* mu 
i« of sufficient dzn to warrant if.* adopts u, i tlc * * d-b Midhug 
plant. In large stations, which are niiane*d, if yv 4 ibi*\ on t«**e 
bank of a river, or on a railway edding, and !•* w ho h ! V* ? >itl r> 
brought either in bargee or in trucks there i> tv e.v a r,, mp hi** 
apparatus for unloading the bin gen and truck , * m%jv/ tl a* < ? a! ? 11 
coal bunkers, which ate usually {dared a! ?lt»‘ f *p *«! He* bnibunc 
weighing it on its way to the bunker:, and » oi '» iu * 0 h* 4 U It.*’ 
bunkers to the hopjiers over the Lehr turna* ** • 11 * hi t an an, *e 

ment consists of a crane, to which i * utU* he j %%lml n * tiled t " /hi b ' 
The grab in practically a rout bo\ jilt! info two m* h halt 

laung hinged sejMtratfd)% and held fiotii tin * nd of He chain W'»ik«d 
hy the crane. When the weight of the grab and the *> d *>nhum 
is on the chain, the two halves of the grab * l»ce up f^getb* ? forming 
practically a lx>x with the, rover in two Inihei held u.gethef, 

When the grab is lowered into the barge or truck, it the f wo 

halves separating out, and linking by their weight into He* imi/'** of 
coal, which usually has n large projmrtion of unalS m a i?t* 4 ntt 
power station ; and when tension m pit! on the elnnn. tie !wm hahe# 
move towards each other,imposing the coal they have 1 he 

whole thing is run up to tin* limit of tie* crane f '*wutv »<u*i#d mv«*i 
usually a largo receiver or hopper* to a weighing mvhnm h 

attached. Thence the nml pmmm hy n buck**? * onvuyer to th** ?*>p of 
the building, where it in delivered tu a kind r*mvryrr, wbnd* '•'tiriH 
it to its temporary destination, The buck**! r^nveyer m 

endless chain fixed at an angle with the uu?tml dejmehng wjefi the 
position to which it is required to uirty tie* .olo? .%«<•** Lung handled, 
and having attached l« its links, bucket*, ##r nr ,**ja win- h pane 
round, find over rollers at the op and kiftmn, Ifr Minift >d tic 
conveyer is so arranged that' the fetch**? who h m « merging fmm tic* 
off-side, swiop a bucketful out of tli« coal lying m a n .id* for it 
The bucketful is curried to tlm fcup of the n*ri%eyi*r, mA i* ?he*»> 
tipped over on to the next iijijuimtip llmt ri to rerrjVe it 1 h*« band 
conveyer k simply » wide Mi niniiing on roller, the r/«i t^mg 
tipped on to it in such n MJtnttinr that it epiead« tail along the bell in 
a thin stream, wid is mrrtt*l by it to the bunker that i* Unrig filial 
At the bunker the ludf is mid*truly given * sharp tiirn by mean? of 
tp»»I pulleys, mUmnmA m it% |*atli, md tlm rml m nlmt $itwm4 
into its place. Another form of itmveyer that m dim nnd 
mtj fine «ml is et»ploy«l m tli« {< mthmtwkmu ° mr*+w Tint 
mmmo&tmi mtm or traveller is a screw with ® very wide blade mi 
* v«y ooam pttohu It runs in a trough, wtucfi may rqsiti at the 
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and are still, very tmonorniral in stoiirn, when work**! vw # l* t v <rlm 
valves, and with the other modern apparatus flinf 1 * \* K * n G 'b’ht 
into service for increasing the steam c* nii<»iiiv Tit*’ .Gv a? m *b* 
construction of higlwqiml engines i i vm lu^h d';*« «■» * o** 
researches of the late Mr. Wilkins, of tin* fit in of Will hi a 
son. It may almost bo said that tin* Wilbur* ru/un w i, its* J r*t 
quickly-revolving engine that achieved powrind • . fkt f b** 

Wilkins engine, overcame tie* diflimhu n *4 luh m* item, who U %%n* 
the great stumbling-block to the early invf ntor* *4 hhh "p^d * ivm*'** 
by a new departure, and by ptielinilh * a* ate mg h-df flu w 
the engine can Is* made t*> perform. isi fin* Will ur hv m -ii* <*m 
is only taken on one ride of the and tin* * rank’ Lib *« v* h# * 

in a bath of oil and water, the whole apparatus h* nn* * n !* and *h« 
valves being carried in f he pLbm rod itself, Tin* ,*rr 
a very compact engine, e.perkily tvlierc, *c« i * mo dlv .umu;** 4 with 
compound and ncramonailv with tnpleoo&p.’imu n W tlhiu *-? pun * 
the high-pressure, intermediate, and low* procure t ylmder* >tr* ft 
vertically one above the fit her, one gtkfon rod rat mm,* lb*' i%l«b *4 
the |»istoii«, and, of course, the whole of tie* **f*vuo vd %r? f^ur, | 

lubrication, as applied in the I teller and oilier «ngin« webr »lr«b 
arrangement a constant supply of oil i«« lotted into t Jo* U m mp* *4 
all the moving parts of the engine, enabled the bigli^}^! rn/ine to 
be worked with steam entering on Kith *4 the pisp n, and a 
is now claimed that tie* Ifelltmt and omhkr engines 41 *< jm*r» 
economical in 114*11111, mid ijnife m leliable as the WiSkirt engine. 
There is little to Is* %ni4 aKuit lie* slowly ’revolting engine* 
except that the mtbiUiutUm of the IWILji vain** fur the *44 pattern 
slide valves has enormously mrreawd their i« %t*mm Tie* 

Corliss valve consists of » cylinder of mei/tL nt th«» **lf* 

|ioil» are oast, which revolve?* wridr 11 rvlm«lnr»tt *}<#««* m the r$*i*uw 
easting, in which are other porta, the uedem *4 the f 
bringing the different porta opposite **m Ji »#tfj«t 4 t**f tlr psnjp^^ #4 
the admission of steam to the engine tin* in**rw up 4pm 

cutting it off in flit* mmm manner m flic nmitm »i tla^ ^Ii 4 e valie 
along tho face of the cylinder, perfumis tint same 


Working Steam Engines expansively 

Steam engines am clumed nmler the WAiimgn, .-ngm™ 

compound engine*, triple and quadruple wg»« m. In the 

shnple engine tbere m mie eylimW, and tlw ateam «!**m thr 

fl«6on, puahea it to the end of tint stroke, and uaaana «»«t u» il»*- atm*** 
sphere or to the emnlrnarr, Tim simple engine may »f !«<» 

CfUndem coupled together, with a flywheel or similar armi},*«mefit 
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between them, each cylinder taking steam at the full boiler or throttle 
valve pressure, and the steam passing from each cylinder to the 
atmosphere or to the condenser independently. In the compound 
engine there are two cylinders, one of which has a larger piston than 
the other. The cylinders are termed “ high ” and low “ pressure/’ and 
the steam enters the high-pressure cylinder, passes from the exhaust 
of the high-pressure cylinder usually to a receiver, thence to the low- 
pressure cylinder, and thence to the atmosphere or the condenser. 
There is a special form of compound engine made by Messrs. Beiliss 
& Morcom, and others, in which, the two cylinders being placed so 
that their cranks are 180° apart, no receiver is necessary, since the 
low-pressure cylinder will be taking steam at the same time as the 
high-pressure cylinder is exhausting. In the triple-expansion engine 
there are three cylinders, sometimes four, named respectively the 
high-pressure or H.P., the intermediate or I.P., and the low-pressure 
or L.P. Where there are four cylinders, the low-pressure cylinder is 
divided into two, and the object is to obtain a more even turning 
moment on the crankshaft and a better distribution of the steam. 
The steam passes first into the high-pressure cylinder, thence to a 
receiver, thence to the intermediate cylinder, thence to a receiver, 
thence to the low-pressure cylinder or cylinders, and from there to 
the atmosphere or condenser. In the quadruple-expansion engine 
there are four, and sometimes five, cylinders. Where there are five 
cylinders, the low-pressure cylinder is again divided into two, and 
the steam passes in succession through the high-pressure, the first 
intermediate, the second intermediate, and the low-pressure, thence 
to the atmosphere or condenser. Quadruple-expansion engines are 
not often seen on shore, but they are employed largely in some of 
the big ocean liners. Triple-expansion engines, however, are becoming 
more and more common as they are better understood and their manu¬ 
facture is improved. The great object of the additional cylinders is 
the economical use of the higher steam pressures that are employed 
in modern steam plant. The major portion of the heat employed in 
the generation of steam is taken up in converting the water at a 
certain temperature, into steam at the same temperature. With 
steam at atmospheric pressure and at 212° temperature, 966 units 
are absorbed per pound by the latent heat of the steam. The specific 
heat of steam being only 0*4, it is easily understood that the heat 
given to the steam after its generation is very much more usefully 
employed than that given to the water to convert it into steam; 
but this is only on the condition that the whole, or a large portion 
of the energy in the steam, can be employed in the engines. A great 
deal of economy in steam consumption is now attained, even in 
simple engines, by only admitting steam to the cylinder during a 
small portion of the stroke. In the earlier forms of reciprocating 
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engines, amt evt n in some forma of emom 1 n* t» 1 s n ^ He i j*> * v 

day, the work dene h> the .ft am upon ?fi* p' nui i #n Hi u -v I 

a continuous push. Where the* team !» admen* 1 G-lond m * ’*m 

fur ilia whole of flu*, .>4rokt» and when* flm L i‘* r ? ’• m r Cm/ •* it,* 
as fast as it is used hy the iiif% fir* ‘-fetiji ee; S y v *t * 

piston to the end of t In* stroke, fit* 1 pn h }» »n * t m* n r n >m * H 

boiler. But this method h e\reedm:*L % to! io m ro? m 1 3 i * t <■ 

are rerords of small team cmrine *, '*♦< am pninj , and * ' .* * *pj a i r 

u,nine an imieh as 2Mt Hu. of ; train yn md;*- i>* a h i < J * '> ^ ‘ ‘ «** 

the latent type of ireiproeahn;* engine wnh;n/ * *j -m * * ! , * a "» 
uses 12 Ihs., or tlii‘real«»nf Ntm»* f lurfy m| m * \* i? * *,* 4* y 4 * 

steps in the direef ion of tin* erunmine-il k mJ n a * e * n ?U * n * ■, 
setting the slide vuhe* m the m pm if y »♦! * e one * e 1 ii* i e it T 

stroke; that is to say, when tin* pi mm tud u,*rod< ? Mil, /i w v 

through the cylinder* the entry of arum L lend H ^ a,, **• i j < d, ,o f 
thi*. remainder of tin pm of the pr n*?i wu dm/eu* I t;? h > 
expansion of the steam already tn tie* rv)m<i«r, He* jro /.up- * 1 
Hkmtn gradually falling as tin* pinion moved fomoeL 1* v >i;i * n-tn 1 ' 
that this method could he extended* and in * U pc*. 4 mp ? 
engines the steam w eiit off as early one-f^nih “I !N Me i >, Oh* 
remainder of the work l^dug ilmie By tie* * 4 1 .itr > •!» * t !i •; r nn 
ihscdf, and it is edaimtsj, ami nj#|wenfly ^oh tint He v 

engines would* eomhtued with nuideji*er^ %\*4k *%eh i tn ^ Sr-ioy 
In the romjjomid, triple, and ijmeirnph* *^|®nru'?i *onnt4< y tie- 
steiini i« iiuiiie to work rxpan?d**dy in raHi rylnehr i%tdl ;m h% 
|»«»iiig through tie* vylmA^tu in mn*c**vuon, th e i> t my, He 
entrants of the , team L rin off if a irfLiin '4 th* e,?- # ^ 

*3imh cylinder, and in mudi cylinder t)a* iri)i4iis<h‘i # f %h|i 
the piston i.s j*erformrd l#y the of tkr im It «,>;! L- 

iimleratoixi tluif while the e^puiHvo w*orkiie! ol lie ‘Nm f m 4 
oylimler, and in eneli of the riltfpjrr# rf nffaj^ and and irph 1 1 pm 
sion engines, ImL to mnioiny of strain ron^uinpfn^n a?el *? < i« f • f 
ttml/ib it No mmm that, a tfiieilht mmmni *4 n uk ei psoisrS Je? 
eimli imlividwd eylnuler iVihajo a few iuo,»r^ wdl hlu-*n it#* :H« 
point 111011 $ eltarly. While the ^eam n riiHiine t|#m!oeht l-Toet 
the piston ifn pr*?,' sun* ia the yum* that 4 th» 
jirowitin* tlmt il Hiiiv Jk* ilt j.nvi-,1 i4 J«y lb- «< n<<«» O U 
AfUtr the tnitiy vulfe the yt^mtp kdotid tlm pe* # /ui 4 % 

nontimially falling itnfti f he end of the %u i t{#r ^ i!m! 

tiiiiif bo employed for oateolaiioii of llei af’loul in4te#<^l In 
gennmtefl hy the piatofi, ii the rnmn of all tii» 
from the nioment tlii$ skfitn t#iet*tir*f the rylmdri ftl mg 

what is turn vary mmmm, ir>o )b msttsl <tim4uK »i ih*" 

toiler, or approximately IM llw, \ir^mnu '; »»«!» Ih^ tbrmtt nit 
off at thnxHfiMttor etroko, tl**» in«w> j.mwom* tin* 











Fig, 64. —Sections of Compound Beiliss’ Engine. The Low Pressure Cylinder is on the Left. 
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144’B lieu per ncpmre ineh ; with bumm *mt **fz e o k j < 1 j< n ^ *-V- 
mean pressure w 120*11 li» *,; with Vriitt <*of ^ T ; 1 

is reduced to BT5 11»; at ouerkr h free’ b* lf *J ' * ’ * . ’ 1 ' 

tenth-stroke it is 4Th 11 h, Thai is f*« i\ v* h ■ ^ 1 *') % * 

tenth of the sfrok«u fh«* naeun pr« # nt* **p» * * ' SM '* ^ r I' * M 

forward in any particular cylinder, with isi uyv.u ' } 1 T ,,u4 

136 11m, ja»r wpmro inrli, U a link* o\er ho* d;n • f ''^ f * 
steam in allowed to pass into f h* r hndm v >v * io***’ * p. e ? «* t * ■ 
stroke, or the engine would only perform i hide •«”* • '' *** 1 1 ’ ** ! ‘ n d 

the work at one-tenth rut off fha* it would at **' 1 d 

In addition to this, the in* an *4!* rtr.f | f* am ' 1 ? * 

available for driving the pi Ion forward, T fim n<* an i ^ i m V J 
the piston, an explained above, b * fie iit»*<fft |-n ' < >e v Vo "Ver 

which in in fiont of flu* pi >tnn, tie -buiiti wbe b I'mwm 

cylinder after fie* piston bm runpf* O 1 i V 1 '*r ** n > re* ou** ”, n 
and which tin* pbton hm to drive mil *4 f m- **>hu mt /*u V 1 .* O'* ,j e-» 
stroke. 

With compound, triple, and «piph *;pV < itu^-u * mom* v ^ 
always arranged, a:* will t/tuily !#• undrn <Vr#b *nn v, - a - t< ■** v < n 

the piston of each evliuder, or jmii *»f * )hud* f'u ^ ^ r • I - 4 ’ h> ' 

say, the work done in f,!n* mn^l* hip! , 4-j*f« r ;»1 f eh t ‘»n ^ euon/ 

the erankshiift ib erpia! to that dour m tb' h-w ii % ‘ f “ ,f , * ^ o ^*n 
Whom tin* low* pieseire eylind* f r i^ divid**d mv* V./ 
work of the twoeylnnler * b iwpial to floe in Ik’ tni* i no *1 e* >lo 4^,* 
and to that in flie ldgli*pr» -M-un* lindor, Tlii> 4 oyS v»" ^, 

to tllcHiylinders tlieinwdveB having dirt^r**fd fut’ 

lining, of conr^e, the innaller, im4 lb* in* i* >4.^up ba tL« 

pi««tire decniinwi, Enrtlior, in the in itf^o *d the at * f llo* 

engine, it slnadd h* nrrangeil that lie* m^m fro ^ »te ru rn 
cylinder in iniidi that the foul work tn leaf ?u * >e h ^ > hn kt\ 
that i» to say, the pr**dm1 of t!m nn rn eff*o! ive ntmtn 3 -^ote mnSti- 

f ilial hy the »n*a of the j»i^tutf, e* the f^r II t\ I IT niff h f 
here na* two tuHbnb of nrrtmgnn* the gaveiii$n»^r ,4 ,'maf^oo 1 o 
triple-expanaion engiwea In one nmth^l fie? n^mit^r the 

cut-off in each cylinder m m**h atieinnei Hof th»* herte n # ^ h 

is pmstiriilly the whip*; ill flir *4her inrtlnsl the «'U off m| if#- l->w* 
jawaure eyllmler ia fked, the governor 11# r«H cf*e ^ *r * ff 

tn the lisgli-iin»iir»* ntid intrifiit^Snife fd/# k %u 4 ‘T* Uem 

actions of IWlhm 1 iomjaaind md tr;jil«* v%pmmum es%Hte^ t 14 

shows a Bellini* triple expansion etiiflnv e*<*4p|*«| t»# ® tiitw 

gwmttor. 
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The Government of Steam Ilnginen 

Tlmv art* two nmilewk «»f ttan ^ 

respectively us throttle gmenme/. and wn o,* IV 

object of flit* governor in both i ‘ ;,t |»roj>»iMon ff ' \ s ; f * 5| d "’p- 
of'ateam U> the work tin* »mm k peihcfut?)eotu»v »*h b : *< -> 
if the load decreases,and rev /Yroi. !*4h inrthM* < ;«n ^ 4 y **'*4* 

of thr well-known r« iitrifiignl govenmi «if!i fev.dwn - *0 \ ?f* *■ 
acting either upon fin* entry vahe to the .frimiVj . ? ».n ".!♦■ * n'sv 
valve to the cylinder ii-rlf. Tin* title!*!* ?n 1 * *•• uy a Me- 
entry valve to flat steam e}e\4* air I 1 ’ pimie illy i}>^ * ,•* ■* e* u* « i % 
stop valve ojHjrated by hand by a oijrftsJ e! !*4*d 04 , ‘is > ■’*i 1 ) 

pioHtc tl as to rhaiivos of load I^ oj*4 ?m fi< # ' * 4 4*1.' j* m *L* j 
speed of tie* naiiktdr.ift *»f fie* en do pr^W* I by t * * h tor ? I 5-ad 
Wh« 11 tin* online 1 * niiiiiiirr tin* jmserimr balk lly *-V m - j p■ u 
to u spring or weight, : ofii* , fioi« M to a * -Oidofi tSo>n V ’o ' I w > tt Vr* 
the engine is running at its pfoj*er ' |**«-d attb *nv !<-<•:. 4 * *d>», 
assume** a {to it inn whieli allow* rodin* n% 4o;*m t- * f * j * ti 4K 

the work in front of tin* cumin, If tie* lead m* t ? ,r »**.oMe r 

slightly ifloivfi down. TIp icdurtmi* of *p» * 4 *4 * b< « * od ^ 4 ih ^ 
followed by 4 rrdili-liol* of tip' f {e** i *4 f be ;e<v n < r 
governor briiei drivt n by 11 Htap or ;Y'4i4ir s » fi«oo lb* -1 ♦! k’tkAft 
and otvaaioiialH fked on tip* end *4 th** <i4iilnli ( if’^ 1 r ^*'fh * 
balln lo^i^ a portion of then * pntrifiir il f nr»o ?%'4 # *b'!S)‘ f'4% trdf 
tiw* eiaitii'* tin* ajaiiig or w* i^bt -*pp^^i4 # ib*‘iM %}^ u *>i**u' 

tilts valve, itii iiirroii/ii:4 ^jiianli!)’ of vsi!^ t \ i?e! fle k # o*-o* 

n*oovera ii:i normal ‘ b lie* ^ 10 

exactly the moip foamier* bo! in j4»e* s of ap* 1 * f!^* 

or it h equivalent, it ml ^ ijji^eily opm lie” 4$4* ri ‘ ii«b. * ^41 

trolling the entrj of steam to f !§*« ryhinh'r, itlmms ^ 1*44 s 

which tho vahi* ii ojp ii, TIiiii, it il#e rn^iii^ #n urn 4 * #m* 1 

load, the expansion govaanot mnm'^ a the pr**{* 4ti m «4 lb* 4 t^lr 
tofow the dentil in rnf i4l' f thi\ of rmwm% irntt^mn, lb*' 1 ikin 
piBWire kdiifid llie pi-4oii ;iiid the niaiSabh f^wm fb# »is 

governor in now’ almost tii 4 %a tmi f tloeiyh ilir ihMfil t 

still mwim\m\\y fo h* u* n* and w«*ine nn\t\u**rt^ prefer it 


Difficulties in the Way of working expansively 

While Mxjaittivw working of «t«3«tn tir*«^» v«ry w*«ju«l*»fal*lr 
ecouomi««, and 1 m enjtlilmi llt« «f rout j*-? 

hidicafced H.P. to he wliiwt frutu tin* j»rtglil*4trl*i*<»I »4 f*» ll«, t»* 

0 lbs., tbe u»«ul «>n#p of difflcuHtirs h#< mm u it* >%« {wih, tl.** Dm 
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and perhaps the most important, being the trouble with the condensa¬ 
tion of steam in the cylinders. When steam is generated in a boiler, 
there is a mechanical action going on at the same time as the con¬ 
version of water into steam is taking place, minute globules of water 
being carried over with the steam from the boiler into the steam 
pipes, steam chests, etc. These minute globules are of the nature of 
the vapour that we are familiar with in the case of fogs and mists. 
They are not steam. They are possessed of a certain quantity of 
heat, but not sufficient to enable them to maintain the condition of 
misty globules, in the face of a lowered temperature in their sur¬ 
roundings. They meet this lowered temperature on entering the 
cylinder of an engine that is working very expansively. Taking the 
case given above of steam at an absolute pressure of 150 lbs. per 
square inch, and assuming, for simplicity, that the steam is at that 
pressure on entering the cylinder, its temperature is 358° Eahr. 
Assuming that the steam is cut off at a very early part of the stroke, 
and that it is expanded down to a few pounds above atmospheric pres¬ 
sure, its temperature at the end of the stroke will be in the neigh¬ 
bourhood of 225° to 230° Fahr.; that is to say, there will be a 
difference approximately of 130° Fahr. between the temperature of 
the steam on its entrance to the cylinder and on its exit. The 
cylinder walls, the piston, etc., follow these changes of temperature 
to a certain extent, with the result that at the end of the stroke, and 
at the commencement of the succeeding stroke, the temperature of 
the cylinder space into which the live steam enters may be a great 
many degrees below that of the entering steam. The first result of 
this is the condensation upon the cylinder walls, piston, etc., of the 
vapour of minute water globules that have come over from the boiler 
with the steam, and this deposited water is re-evaporated at a later 
period of the stroke by the absorption of heat from the cylinder 
walls, etc., the result being that the steam itself is possessed of a 
smaller quantity of energy, and the mean pressure available for 
driving the piston is smaller than would be the case if the cylinder 
walls had remained at the same temperature as the entering steam. 
The above case has been taken by the writer as an illustration 
because it shows the matter so clearly; but the case of the simple 
engine working with a very high ratio of expansion is rather excep¬ 
tional, and the above is one of the reasons that have led to the 
development of the compound, triple, and quadruple expansion 
engines. In the cylinders of compound, triple, and quadruple 
expansion engines, however, the same phenomena occur, though to a 
smaller degree, because the range through which the steam pressure 
and the steam temperature pass, is divided up between the successive 
cylinders, and the changes of temperature in each cylinder are not as 
great as where the whole of the expansion takes place in one cylinder. 
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Overcoming Condensation Troubles 

TIkth ar»* twu [tmif'ijut] *■ ;i.|<y* 4 f '1 !:•’ *).■' 

fcnmhlttK and tin* wuntr duo t»« fit* 4 ** *ndfv AV'ii * u:. , ^'V * n ’ *♦< 
pylindwH, viz. by nr/ th*« lam n V.d* i I 5 ** ’J"*‘** /» i *«) > 

Himm, hi thHird wHlt*»l ij n k#*l, uni! *? *■' 4. a •< fc * * ‘ % 

h lifted ft# tl«* Hij'iih' cylinder \ -net tin* * '«* ah r* jo e i * ' H"* ^ 5 ■* ’ - 

thin jarknt #m if 1 ! way t*» ftp* #*fifry v«*)*** Ii, "> » u* > **» ! ’ ■* * <♦ 

jacket has U*#*n applied to all I Ip* * > hn4**j , *4 *^mj <-*in S *n ! '>*.| ?* 

tixpiumion en^in# and if h t* al o h* **n ipph« 4 ^ a a )<< #t*f to v.* 

tv#eiveru between the diffee u\ * y iiieb'j!!,#'#« pi n i < t f b* it 
jacket would appesr to dej**nd \* ty u* >Kb p| u Up* f ^n%! 
twpaiiHiniH, ;h ft ii trmMy * \pe <4 , *h ** p f to "• *> < i*'*> i b* 

period ut which tin* entry of t toau* r * at * ?» I' tic’ u a < p < * * >4 

tiarly, no that there i,i a wide ilifkivfiie of y f .mo* 'Jo* 

SkTllIl entering fit thr roIllili**llt'PlIi*Til Iff lit*' •'V-h** Tlcl U<,A I* 

tins cylinder tm tint return nimh\ f,u t^hns nh^ut I <d 

Mfirvictt, and if IP stated that eeonmine'# 4 iio^d ,t » ?b |-M «#ol 

luivii tipiii fihtaiip’il when Up* r d^,im wup *> oi ah 

individual pyliiiflrr, and Id j**r m-iiL w!p*?i it w * i#l> » o*-4 ?! 

titii#?»« H#mi« #*tp*rim#*ntf Jmvr hrni nn4^ {i-po v* nup 
lint economy i#f ndn^iting tip* h-twi **n tU* * t-, oud t? 

nk## njifipiirii t« lit* roiriidrrali!^ wnd* t »oiUifi *#« 1lp f f ‘t# j>m 

jarkut opi^ratip# hy nmmlmmn^ tli^ u *A »> Un*U<i mfw* 

nmrly uniform thipirfliotii ih*> ^tr^A* tloin a tip* 

nylmd**r wpIL# un* nul*)i"t*’4 oiih to tli*- v^tf#^ujrr4!4f^ *d tW 
iitniuii ##ii tin* m 44#% 4iiil ilio »ifi404jil*rn/* a or* ' fn 

tin? of r#dioiifiur* ftp* ti!*Miit Hi lJp f ^ < **,% tlo* 

nyMinlpm, tin* ohjoil in \m h ihp l ipi* w f 

tiiut limy tin formal l#y rtm*U*&mUnh into 4t»* %n% *4p" 

piiwn tin In lilt? urn! rf ltfi*l«r # and Will# it !ii« t**4vr Ip4i * f ^ 

Uoii in llial ryliiiiii*r Witii mutif % f#?ni# 

jnt*kHing liiw n*if itminl favour Af in »*» Nuny *4lp*r 
nititdi ifjiofi how flip %twiiin j<irk«4 m M!m| ,%ipS h^m ii m 

wnrkttii la tho riin»« «tf mmm rf#ii{#f«n4 which uh4*h 

th« wriinr'a n«#tir*% vny I»r|r jtrkwPt wpf# Iili#4 «»4 tin 4 
cnmpfamwl tlini whilw lli# wanning i4f»^l on llir ryhiid^r# wm 
OTaijiMUtivnly iniiili, fin** wmu$ of utmm hy # pndon^tioii in ilir 
jtekot wm lwf#» In oflntr lUn ^tmrnu S«i^ I#»j* f»«# 

iwilh and lim wnmiiiif on ifep ryliii4«fr w#il# fam hmm 

wortfi ilia Itiw uf af^atn tun^ntvt dii« to tV ol It^ 

fhro^h 111# WbtriW fliw nf^mti# it »w«#iicifiiic*I *4 not 
dtpad* fipn fJt^ Uitrmst inmilation of flut r,yiiii4^r oat#i4^ 
fh# jaekut. Aa4 tkm tti tei mMm mhmM m im ofton 



Pjate 4b. —Parson’s Steam Turbine, as made by Messrs. Willans & liobinson, with 
the Turbine Case open for Inspection. The Governor is seen on the Kight. 


[To face y. 182. 
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neglected by steam engineers—the thermal insulation of the 
cylinders, valves, etc. Every engineer is familiar with the warm 
atmosphere that nearly always pervades a steam engine-house, in 
marked contrast to that pervading a machine house of any kind 
where the driving is by electric motors. The engine cylinders and 
the steam pipes are sometimes allowed to radiate vigorously into the 
surrounding atmosphere, wasting heat, tending to greater cylinder 
or jacket condensation, and creating the atmosphere of the room and 
the draughts that are often so trying. Proper insulation of the 
engine cylinder, steam pipes, valves, etc., would add very consider¬ 
ably to the economy of the plant, and the comfort of those working 
in it. Steam engineers appear to be always alive to the importance 
of insulating their boilers, where the boiler shell is exposed to the 
atmosphere, and their' steam pipes, though this is not always done ; 
but there are still some who have not yet appreciated the importance 
of insulating the engines themselves. 


Superheating 

By superheating is understood the delivery of heat to the steam 
after it has left the steam space of the boiler. In the steam drum 
of the water-tube boiler, and in the steam space in Lancashire boilers, 
the steam is in direct contact with the water, and is continually 
receiving additions of watery vapour, rising from the water with 
which it is in contact, particularly when rapid steaming is taking 
place. In all superheating apparatus the steam, after it has left the 
steam space of the boiler, is made to pass through a number of pipes, 
usually of smaller diameter, on its way to the main steam pipe 
supplying the engines. The small pipes are subjected either to the 
heat of the gases from the boiler furnace itself, or to heat generated 
in a special furnace arranged for the purpose. In several of the 
water-tube boilers the superheater consists of coils of pipe, suspended 
in the space inside the outer brick setting, near the exit of the gases 
to the chimney or economizer. When a separate furnace is employed, 
the arrangement is very similar to that of an ordinary boiler furnace, 
but in place of the usual boiler tubes, the superheating tubes are 
fixed so as to obtain the full benefit of the heat from the gases 
produced in the furnace. The primary object of superheating the 
steam is the elimination of the watery vapour that has been 
mentioned, and that so promptly condenses when the temperature 
is lowered. It is claimed by the advocates of superheating that the 
steam itself receives no heat until the whole of the water which it 
carries in suspension has been converted into steam, and the idea 
has arisen among some steam engineers that steam which has been 

K 
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Fig. 66. —Tinker’s Superheater, as fitted to a Lancashire Bo I 
Steam to be heated passes through, the Coils of Pipes at: 
Pipes being fixed in the Path of the Hot Gases from the Bo 3 
to the Chimney, 

water being 10, while that of steam is 04, any water th. 
"will absorb a larger quantity of beat in proportion to its 


















































































































THE CJKNKRATI* >S Oj‘ EJJATIUrf'fV 


tin* tnr.im 'titrr«mn*h it, * hut m tU** \uT*i i *,v if «.mM |«* 

rolllnuy Ft rill ll» f Uv« ,^VvfuUvJ, T ' *• j t »M? if ?h ’ 

■4«;i!i i til **<♦ *44 ?'i*4 r* '••*;«*‘ :* '‘»'i*.4?i -/tu/-*, * 4 h< F , j«i ».»j * a I Smii.iI 

t*» tb»’ «4* F'Juht^’of !<•■"**» 01 i. El uE fh** f ij^'i m 

whirl* i* it j».m *hi/, ;i f 4'l * i it" **w ;i j** Ji * l^,\4 1? m 

f!i;4 if’ .* r^rlam «4 ** n j *<'< ;?? 'r.tli «h** •,** un, 

1 k;i s nr; if 1 *• »i*T ;.*’?*•'! s .-> *' iE* 4 :u I E m 1 

ja,i4Ji. fhr-^jT* ?h** ‘-r F* **■ .j*/* ? ? h* 1 - uhE** 

nf tip* tvaf*** ^ifrtifir iiifu i! - %m, »i!i4 m Ft f hr, ,im a]U*-w *»< *« 

mint 1»* f**i h»-4 TTw jv-l F < T*’ 4 ■»*.;*, ('E- irvU? 



FE. *«7 It r ^* *« »n * f 4 1 * '4 • 'sm <%**».*b 

Fit* I 1 . ||4 * „j***l,«»Vr Ita* *wpi t>w »4 4 ? 4^14 o * / ,/* f I u 

>.h *'Mu \h*‘ If 4 f ***** $*-us $ ii’f mn I 44 t 4 

t*f ifi # iS'.f* M ifEtit?«Hf •-ilitf.i Urt}% it**) ;ij#jaf Millr 

within *** 1 1 4ti ttrJi«k?i<M*Ati hmi* % 1 ? 1 » p^rh • *ly iii4 r^#ij4»ti?*,viJ 

t« <li*liv»T f4^iif j ui h n\ t*> f|i*« » t* >#m nnJ»ii fr« f I? 

llmt /ill *\p* fJlil'I l** rottV* tiM llif** 4?rnll4, sn4 wI# 4 ^‘A"rf 

liiilt imiV U* !## flit 5 ‘Vtin, #iii4 riH 4 i» |||,il n« mh< 5 *y 

f«ir th»f n^nv^r^i^n *4 fit* 1 W4i^i, n «n/'fiill| wmpb *)**4 m 
Umm*mUm% ?iu4 miiSi it tii»* | tv r *,r # /*?4r i # %i4.i?i @ r- 

«f tii^ ilrlilii ifwlf, 4 Hint in rn#y 4 f nh^mhl *N fir^r, 

winrk, WJni flir ^ 1 #^ tu* 1 I 44 I n n nriJiurrf 

m llmt ilu \fumm* rmm^t m< t, I#*i4i|#'inf if, 1 j m* >#* ,, 
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ri««\ and, providing that thv full I^Tirtif **f t!-.*- in^r< v' 1 ] ».*n 

\m obtained by mtfmmm, mummy \\ h« n lU*- o at 

not miifniiith my wh«*u it h, hidn<.: * • o ' *• •’» ’•' 

fttninn nylinder* *n will f <•)*«’ ) 5a* ;u>u tb** u '***, * ir. f ,u*> 


i .* fc v*'i v** 

/ ,rnr s M„ f 

^ v.wyv v*; 

l' ;*?’»■ ?*,»*»»;* 

' ’ £+■*y*«v yv *y* 

j„ * i i * w 4 > * - t 

»®Vl • «*'#* * * *i» 

f '»/ V I’ ' * *#■ 

. sif,* . •* 


\. 


.hi. * 


i't'i 

i : r 

H W 1 » 


Ftfi, f-4 ih* f'f'm i <-t |%fwt r 

l%*li»ii* 4 <,4#'# 1%?4 

should m**iv« tin* l»*nt!fil uf tli** 1»r$***r volume <*f atonst! 

An with all hnpnw*'n»cnls, tbwi nt>' itiifirt>ft*»«» in {fo* *»y «f t|««« 
application of mtjatrlusatitii; luit th«y are n»*ilv «»»irre*»wiw, 

Bnuttoted ato&tn in at high tomjwnitwe*. U*m 4fi<r l*'*f»r upward*, 
and law* and g»n*i«i*t«l will n«»i stand ih«*w imnjwswtwt**,, Th**? 
disintegrate, in mini*’ mom** alh nj» »r.t*< a y*<w<!«ty 

moM. In athlition, only certain nil* will «t*n4 th» high twmtawatnni*. 
lit difficulty of th# valve,*, ete, ha* !•»» irfitmiw 1 v {)*»• ow* of 
OMt-iron specially }»r**j<w4 for the j»« # 4 «},** matter 1 4 tin* 

oil has bwm overconw hy line nm* of »{** ;*) nuii*r*J «-,!* Ao-toding 
to Profewwr Smhnl, I he great aothonty on mfrigmii-un. 
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Ilif* ^fniiii iiif*n *uwh flu* «»f flin i^iiiAip* min# ii in mmllmr 

wuy. Knp*rli!^it«i !li#* jtpilViMfir atainn, only tHh 

tin* roitflitrltvi* ability for h*Mt. to *»r from that nniitmry 

snf nriir*! ttottfi* aa it wot*It{ n*mo from tli#^ Lul^r, liii 4. Itriim it 
wrnilil off ii'Pit’li l»n '■! of ifi limit to I hr ry|iii*|**r walla, *«vi*n wli«n 



limy tfit nf 11 iniicli l*w«*r bG *#7« &?**! M ftjiott 

|wi» furitt# nf iiiij»*ilii*4t* # r f pipi hw»<*4 by tlw? fttrtiar*# nu*l 

tint! Iiy m m*ptt 4 Ut m %4 Ilf, Ct mmm fht*wtvafiUf{fre 
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Condensers 

Another source of oronoiny in mp *n p 1 1 - * * <0*1*0? >**r, 

Tho object of the c<uulonsor h fo ro*Im** th«* pm oiy iii ti- u* »*f f h* 
piston on the rot urn stroke. Stmirn outers !li* * yiin*t* i h h;mi fm* 
piston for a curtain portion of the Mrokm tm mciy p flmn^ Mapp'd, 
nncl it continueH to drive the pi:*t**n to tie- net of tli<« Mr4** tv< 
own expansion. Am! when the end of the ntt* 4** i - t* -edm-h pou tip’ 
piston comimmtsOH its next at mice, it h%n to drive the nwm mm omny 
in the cylinder in front of if, out through the etluU'f p<uh mi 4 rno* 



Fla. 70. K4w*,r*J** Ttlpln Air 4Hw*» Vv t ' V v * »= 

Hindi* hy itmmn. tmm A S««, 


the atmoaplmre, unlo** Umj steam w got rid «>f by a* 

mmn m, or very qniekly after, the return stroke Thia 

means that the piston on it* renmi stroke ha* to the 

pressure remaining in the steam, plus flat of the atmosphere, *«d 
the mean uflfeetive pressure available tor dmim* * I**' pt*i»m too»ur4, 
is the mean of the suecRuxivo preaanrea Imhind it, iesa tire moan of 
the successive pressure* in front of it. If the book pressure of the 
steam can let extinguished, it is equivalent to »4'liug a « 4, »t4iu 
number of pounds pressure to that of the stream behind the piston; 
and if, in addition, the prttwmw of the atmosphere nan tdm 1st 
partially extinguished, thia amount—6,10, l a, or 1*1 lb*, ** tire 
may be—is also added to the effective jirmsore behind the pnton. 
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I lilt ll I 1 T lO l *JJ‘ fflli* »! t« > i‘M|| 4 ■; H II M, A »*, *|M|||i« .if 

wh»*n tlt*» k\iir/ t in f h»* r H O j* >vi *?in * ; i> ? • n *«»<» \ '■I'Onn 4 hy 

r Tny i. vra-iOr ?h \n rha a * 4 •<* jt*n I* a .* j * H m,\ 

In all i* «"?ii, 4 to » * * .n-s ymO-i i > *-n« ii 

#i v» iv a\jwtt 4v*' rM?ntu-*4i?v. fu a44if f h*< » a A v n.' m d- : It *. 

t«f Fm jtiimjw^F 4ii4 f 1*#" fimiaf H 4riv<* jaja,ji nan® a.,*},.* mj innj.i!A 

fs‘»ia tin* funi:v v *’ »»f ij,»* } Tt, *ui 4 will n^itir n - n*ai * 4 ' * *al 
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submerged condenser and the evaporative condenser. The best known 
forms of non-evaporative surface condensers consist of boxes of pipes, 
the water circulating through the pipes, and the steam passing through 
the box in the space left vacant by them. In the evaporative 
condenser, of which the Ledward is one of the 
best known, and which is shown in Fig. 72, 
there are successive coils of pipe, corrugated 
on the outside, standing above a tank, and 
having above them a perforated pipe, through 
which the water is distributed to the upper 
sections of the steam pipe. The water trickles 
down over the corrugations in the steam pipe, 
and is collected in the tank at the bottom, and 
made to do duty over and over again, the 
amount lost by evaporation being made good 
from the water-supply service, or cooling tower. 

The air pump is connected to one end of the 
steam pipe, the exhaust steam to the other. 

In the jet condenser the steam enters the 
vessel in which it is to be condensed, and 
meets a jet of water broken up into a fine spray, 
the two mingling, the steam being condensed, 
and the whole being removed by a pump, 
arranged to carry off the circulating water, the 



Fig. 78.—Section of Worthington Independent let Condenser. 


condensed steam, and the air. Fig. 73 shows a Worthington jet 
condenser. In the ejector condenser the exhaust steam is made to 
impinge upon a stream of water passing through a vessel, into which 
the steam enters, the condensed steam being carried off with the stream 
of water. Fig. 74 shows a Ledward ejector condenser. The quantity 
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Fig. 74:.—Section of Ledward Ejector Condenser. 

weight of steam fox surface condensers. For jet condensers the injec¬ 
tion water allowed is from twenty-seven to thirty times the weight of 
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steam in temperate climates, and from thirty to thirty-five times in 
the tropics. For ejector condensers it is from thirty-seven to forty times 
the weight of the steam to be condensed. The surface condenser, and 
principally the non-evaporative form, finds most favour with engineers, 
particularly those who have had to design power stations, though the 
evaporative condenser is gradually making its way. There are, how¬ 
ever, a good many jet and ejector condensers in use, one important 
feature about them 

being the small space IT 

they occupy. The U 

surface condenser, J m****^^ 

both evaporative and ~ I fi 

non - evaporative^ is 

subject to objb serious II 

drawback, the in- / 1 

crease of the thermal * J : : f g 

resistance between the J : ? (L f J- w5rc V| 

cooling water and the J J f 

steam, due to the JP 6 

deposit of grease and I -r'* 

other substances on f luipiSMiptJS A . 

the surface of the * —» m - 44—rjA -la 

pipes. In the case (jf .—"X \ f 

of the evaporative ^ sarmn . \ a 

condenser, oxidation A • ^ / 

takes place on the \ / \ $ 

outer surface of the \/ Conors** com 'J 

pipes, and a deposit \ / 

of grease on the inner \ / 

surface, grease being \ / 

almost invariably \ / 

brought over from the / 

steam cylinder by the \ g 

steam, in the form of J JL 

small globules of oil, ope^to TAIL PIPE 

from that employed jt ig< 75 ,—Section of Worthington Central Condenser, 
for lubricating the 

piston, in the same manner as it carries over the globules of water in 
the boiler. The deposit of grease upon the outer surface of the pipes 
of non-evaporative condensers is sometimes so great as to reduce the 
vacuum by as much as 10 to 12 inches. The drawback to the jet 
and ejector condensers is, that they are not so economical as the 
surface condensers with varying load, and particularly where suddon 
heavy loads may conie on at any time. It is necessary in both forms 
that the quantity of water passing into the condenser shall be sufficient 


OpeminGTO tail Pipe 


Fin. 75.—Section of Worthington Central Condenser. 
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ejector condensers suddenly losing their vacuum. It should, perhaps, 
be mentioned that central condensing stations are being erected in 
different parts of the kingdom, to deal with the steam from groups of 
plants. They are usually on the jet, or ejector principle. The whole 
of the steam from the different plants is led to the condensing station, 
and there dealt with, usually in one or more large condensers. The 
economy of this arrangement arises from the variation, or what the 
present writer has termed the user factor. When a number of engines 
are at work, it is not often that they are all taking steam at the same 
rate at the same instant, and hence, if the steam from their exhausts 
can all be led to one condensing plant, considerable economy in 
cooling water can be obtained. Eig. 75 shows a section of a Worth¬ 
ington central condenser, and Fig. 76, a Worthington central 
condensing station. 


Steam Turbines 

There are practically four forms of steam turbine at present on 
the market, and there are two main lines upon which steam turbines 
are constructed, two of those on the market, the Parsons and De Laval, 
illustrate the two principles, they being constructed entirely in accord¬ 
ance with those principles, while the others are more or less modifica¬ 
tions, in which both principles are made use of to a certain extent. 
In the Parsons turbine there is a shaft carrying upon it a number of 
circles made up of fan blades, the circles being of different diameters, 
as they are farther and farther from the steam entry port. The fan 
blades on the shaft run between fan blades fixed on the inner side of 
a cylindrical containing vessel, the cylinder becoming larger as it 
recedes from the entry port. The steam enters at one end of the 
cylinder, and it passes through the circles of fan blades and the shaft 
in succession, and in doing so it exerts a certain pressure upon each 
individual fan blade, the pressure being communicated to the shaft, 
the result being a turning movement. The pressure of the steam is 
resolved into two forces at right angles to each other, and it is 
the force in the direction of rotation of the shaft which causes 
it to move. The steam, as it passes through each circle of fan 
blades, loses a certain portion of its pressure, and it is for this reason 
that the successive batches of circles of fan blades are larger, as 
the distance from the steam entry port increases. The action is 
exactly the same as that of the steam in a compound engine, and the 
fan blades are made larger, so that the turning moment exerted by 
the steam upon each successive length of the shaft shall be as nearly 
the same as possible, the increased diameter of the circles of fan blades 
making up for the decreased pressures. In the Parsons turbine the 
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staam is admitted to the turbine cylinder in gmm, am ! n*»t in n 
continuous stream. Thn duration of each gird in fruited by flu* 
governor, which again is eontroiled, cither electrteuliy by nmm'i of a 
solenoid, or by an ordinary governor of the ronirifugrtl lyj**. The 
euro of the solenoid, when lundentricjii governor k employed, is hung 
from tlio end of a long lever, the short arm of whhdi r^titroTt ihc 
valve of the steam relay. At regular intervals, which nmv U? ad¬ 
justed, the steam relay admits a certain fjnautity of *maiu to the 
turbine, and the valve hi then immediately rimed, the quiinnty *4' 
steam admitted teung controlled by tin* titn« the valve ri Mja-ned. 
very much im with an expansion governor eontodlin 1 a h n* \.d\c 
Where the ordinary centrifugal governor in < mpteyed, j«r e4holly ri,** 
same arrangement holds, but it h not enter*»lted by v-iritemsr in rie* 
electric circuit an with the electrical governor. If; w '*nU* Itef imply 
by variationn in the load, memaaing or do<ira mg the ^j^-d u i ?hb 
turbine, and spreading the anna »*f ili*» gu verier, or the cih*» 
When the steam inrbine k employed It* drive an nltetluring nitm^ 
generator, an additional solenoid in added E»* the guvene»r, r^nn^xM in 
series with the work, the solenoid of the mw-nt governor 

being connected m a shunt. The 1'atwon fisibino ji lived »*n *pe *< mie 
lad-plate with the generator if m tn drive, its drift Long erupted 
directly to the abaft of the dynamo by a '4***1 d»vye, The ,U umn*< s% 
of course, constructed to run at fie* highest ui which th» turbine 

runs, unci this was for ^uw* linn* a w*nnn'» difficulty in lie* tmiUt *4 
upkeep, the question of tin* brush coni arte Lung m /e*mcwha? Marten- 
<me at high spewls; this, him ever, lain completely ovetu 4 im 
One of the troubles in rontnaiion with a turbine of the pretroim!*}*', 
aiidi m Vmonn turbine, m the mutter of end tlirmu of the %hai\ t 
Until recently, in the {’arson* turbine, end lltniA wa* pointed h*i 
hy the provision of grooved pkion* nr dumnnoa, on the md of the 
turbine shaft, which jilted into groove* in the i in bine ra ^ mnl 
which, it was claimed, provide a »teiini4iglif joint, Ntew it u Intern r*i 
by pistons behind the miry port. 


The Willans-Parsons Steam Turbine 

Me®tw, Within* & Itohinamt imnufaHnn- h of tin* 

Pmsobii turbimi, uim foattm* of which j* i|j*» % «)<■ u<<t> j.'csjcfwt 

arrangement <»f the moving and gutdi* hWU*. The Midi vidua! bind*** 
are stamp! out with a dovo-tail Heutiun or " tung** «t Utn *«nd which 
is t» te nx«J either to the axle or to fie* tmim, »»»*! at tie* >»tW **tni 
i» a ahort tongue jirevidtdl for riveting into a nJitwidijig, Tlw bk«|n* 4 
instead of being held simply hy owe end to the axle or the turbine 
caw, are held between two rings, iw« railed the foundation ring and 
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fliriiiipli flip ' ‘i\n riiip t <4 MjT’i m If#*' 4w» * ti»»n * f 

Mi •iofp, WilE'iun a. li«*Eiu >**n yp hn t<« tip* aAtut^^nm *4 pir4i^.i 

1$v 4 wry j^iwitEiI * ^u’riu^E ;*MVrriP4 *4 !|<«« 1 \ j^% liiimip 

IfiilEliiMniiir^ «4i *i!I it#!'»%' ikiti,* nj#4i fli^ 

ifirnllJp v/*Sv*% 4 ipf E» 4 ir 4 1 I 111 -**n hv ii^iui n***inn r * «m m *4 

tlip iipiiii fisrltiiip 5 I 44 II. Tltp f 111 1 414 ^ tPi.p ri ip i4»* tn f ah Iifili«*i4 
Imi^ilipliipilh f lip* fliu 4 m/ j 4 pip # E^ri/^iiisiE fI p* 

tifijrtl h#*If 1 4 fll»* 1 $ .ifi E p k f<% 1 441 j !h«* 1^4t ,f 

}p4iliii?f il 111 j^tf§«4t # aipl ftp’ 14a4pi? I 4f itit nr4n**nt< 4 v 

4n»wn in lial^ 4lt. 

Mf***ih. Wiliam & lU4nm*m'n lurEm* ^ pip un l« l^i ippjpifi * 1 
fr<#m 2^117EW kiFiwuttp, mj^ nf^tnj fiipn mui p wEifiMtr* ip 
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The Dc Laval lurblric 

In tint I** 1 i«tvul Imhijii* ?},*• j>r>»tr»’ « f ?1 p ■>!* an y< *•*. 
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The Curtis Turbine 
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The Westinghouse Turbine 

The Westinghouse turbine is another modification in which 
some of the features of the Parsons and some of those of the Curtis 
are included. The turbine case is cylindrical, and stands horizon¬ 
tally, very much as the Parsons turbine. Steam is led into the 
turbine in the centre, and there are a number of circles of fan blades 
fixed upon the revolving shaft, the circles becoming larger in section 
as the steam entry port is left behind, but the last portion of the work 
of the steam is performed by discs very similar to those of the Curtis 
turbine, except that they are fixed vertically upon horizontal axes, 
with the buckets fixed on the edge of their peripheries. The 
remainder of the arrangement is very similar to that described for 
other turbines. 


Turbines using Exhaust Steam 

Professor Eateau has made this subject particularly his own, and 
the arrangement he has devised is a turbine which is a modified form of 
those that have been described, and is employed to drive any apparatus, 
such as a dynamo, a fan, or anything about a mine, the turbine using 
the exhaust steam from the winding and other engines. It has been 
explained in previous pages that a large amount of energy remains in 
the steam which exhausts to the atmosphere, and it is this energy 
that is utilized in the Eateau turbine. There are certain difficulties, 
however, as mining engineers will understand, in the application of 
exhaust steam owing to the intermittent working of the engines about 
the mine, and therefore varying the supply of exhaust steam. To 
meet this, Professor Eateau has designed a thermal storage apparatus, 
consisting of a boiler shell loaded with old iron rails, sleepers, etc. 
When the exhaust steam is more than is required for driving the 
turbine, the surplus is carried into the thermal store, and is used up 
in heating the mass of iron. When the supply of exhaust steam 
runs short, the pressure in the thermal store being reduced, steam is 
formed there, and is supplied to the turbine, making up what is 
wanting from the engine. It is a necessary condition of using this 
arrangement, that the turbine shall be employed to perform work that 
can be dealt with by a little less than the average quantity of 
exhaust steam throughout the day. In addition to this, Professor 
Eateau, in the installations that he has laid down, and in those that 
have been established in this country, provides for an automatic 
supply of steam from the boiler service, if the supply from the 
exhaust and from the thermal store falls below a certain pressure. . 
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Steam Turbines and Condensing 

One of the mmt impmlnut Datum \u r^wp^ Ii<»n mb 11,1111 
turbines in this fact that t while they 11111 v? iy *-*'*>n tmj ally wh»m ?U* 
steam exhausts into this euitdeicrr, if cmden ^ 1! 1**11 4*4 mu j *\u Nc§bl* 
tho economy is very cum iderablv redmT the rl^nm * *m uuytbm 
going up very eensiderably, Tint pvmptmy ef I lie ' Dam lerbim* 
also iiimsiiaeH with the \anmm niiiinliiiie^f in the <* mdef r *u. and 
it is claimed by makers of m*ij»jur;timp en urn* * tbs’ the m< * * 1 
creating the vaemun roiiiiiiuir, mnthih* 1 ,** < llv * 04cmo of d,uu 
consumption. If m a very 'Uikum * *p**rh w u* vj-n a bur v 
electricity generating stnlmm *uu h m that *«f \]w Ah 
District Railway at D»tN Road, I LG >v;\ whrtr Cimiii um ;m m? f 
employed. The «team turbine*, then* an* *apab!e of ■»* ja 1 oine 
55 U 0 K.W. cadi, <*r, say, 7 <*ou ILIN ami the ■ mail yn- * uped 
by the turbine and tin* alternate#! it 1 dimng n soy niaiCd, but 
on going 1 allow the floor, where the turbo ;vjiriat**r * m !i’« I, «»ijo 
find# 11 very large ijimnfitv of* apparafn * on tD‘ lb-a IMm, vkhmh 
are neeiwary for proudiug the efiffTmrf* vimnmu jo|stie 4 if t 
turbincf? are to work wwmiturally, tie* *p«» *- 0* * apod by ?m* > .m* 
denying plant for ««irh turbo Ding many turn * ib.tt m * tijmf by the 
tiirlio itself, and the power mjuiied for evil ro #n#!# i$aiim pbmt being 
very appreciable. It in claimed by Sir, INt '*m% !e*vmct, wlm hm 
designed ftpcrhl apparatus Dr nbtaiiiiny biyh iania, that the t^if 
coni of ctiinlenidiig dues not recced I| j»*a irfjt r f f D* irntput, iilnfr 
it creates an economy of I to 5 pm mit m fh«* rml bill 


Cooling Towers and Ponds 

This crux of l ho. cotulenaer probfout in nearly »1w«ya ih«* m»i of 
the cooling water. Whore tho town ttorvire i*t the only water avail* 
able, the cost is nearly always prohibitive, and it in found that tu 
largo towns, uidiswt then* are usdt;j*'ndi*nt w»rc« of aupply, #«ch m 
wells or rivets, condettaing is not onipfoyod, In bunion, |«t m*tati<.«% 
tho exhaust steam is very often deliveml into t!i« cbiittuoy. Wii< r»* 
a Bowroo of water, such a* a Htrmrn, i* available, the i|ueation Iwriw 
upon tho cuxst of pumping. An instance that iuw come umior the 
writor’a nodee is of interoat. In tine of tho electricity gfsnRWtttig 
•tations at Newca»tlo-on>Tyno, water w puinjwd front the river for 
tit® coudensent, and it is allowed, after j«m#ing through tho «at- 
denaera, to run down to th« river again. Tin* gnu-nit it*g unit mu m 
about SO feet above the river arid the pumping plant is tbrtwfobi 
Tlwre is a centrifugal pump driven by art i-kcirn; tuupu btkitiK 
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current from the generating station, and on the same axle a water 
turbine. The centrifugal pump delivers the water at the generating 
station, and the return water from the condenser drives the water 
turbine, so that the electric motor has only to make up the difference 
between the net power delivered by the turbine to the common axle 
and the power required by the centrifugal pump. 

There are many cases, however, where water is scarce, and the 
cost of pumping any water available is high; and where, if con¬ 
densing is to be employed, the water must be used over and over 
again, and for that purpose must be cooled after passing through the 
condenser. Perhaps the simplest and most economical arrangement 
of this kind, where it can be employed, is that which is so common 
in connection with Lancashire cotton mills, and which can be so 
easily arranged at a mine. There is nearly always a pond holding 
a large quantity of water, and with a large surface, close to the 
engine-house. The cooling water is pumped from the pond to the 
condenser, and is allowed to return from the condenser to the pond. 
Evaporation is constantly taking place from the surface of the pond, 
more particularly in hot weather, and this, combined with the large 
mass of water employed, is sufficient to maintain the cooling water at 
a sufficiently low temperature. It is a simple calculation to find 
how much water, and what size pond, with what extent of surface, 
must be provided. Lancashire cotton mill steam plants, it is well 
known, are perhaps the most economical power generators in the 
world. Another method is by the aid of a cooling tower. 

The cooling tower is based on exactly the same principles as the 
evaporative condenser. When water evaporates, whether it is con¬ 
verted into steam, or into vapour that is held in the atmosphere 
under the various forms we are familiar with, and that becomes 
visible in the form of fog and of cloud, a certain definite quantity of 
heat is required to enable each pound or gallon of water to assume 
the form of vapour. The actual quantity of heat required to form 
vapour, as distinguished from the quantity of heat required to form 
steam, has not, the author believes, been accurately determined, but it 
will be safe to assume that it is not far removed from the quantity 
required to form steam. For the purposes of calculation, and as a 
safe guide, the author is accustomed to take 900 B.Th. Units per 
pound of water evaporated at temperatures lower than boiling-point. 
Secondly, the atmosphere has the property of absorbing a certain 
quantity of moisture, the quantity varying with the temperature. 
The quantity does not increase simply in the same ratio as the 
temperature; that is to say, at 40° the capacity of the atmosphere 
for absorbing is not twice that at 20°; it is more than twice, and at 
80° it is very much more than twice that at 40°. The rate of increase 
follows a hyperbolic curve, the latter portion of the curve being very 
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steep indeed, almost a vertical line, while the early porthm ih almost 
a horizontal line, tin* cousufjueueo being that tltemfeof increase of 
the capacity for moisture is very rapid when compand i \*dv high 
temperatures arc. reached. Thr meir\ of *<m *• ih n w urn mu 
having a high capacity for wafer \apoiir, ha a! «* * m ;d* iaoh 
evaporative effect, and t here ha e a < on id*iaK« e* 4f *hu • HI* *1 1 he 

cooling of the water in 11 cooling lower i. etIN ted by lie 1 i| otaL m 
of a small portion of the water, the heal ><*emn d 111 ihh * • * *<■ I * hr/ 
taken, to a large extern!, from the wafer if elf, and flit p< s homing 
the operation of c<nding. Rat tSiN i" not fie* whide * t .? * , In 
addition to the above,« u r) ruhie f >oi * a eubi*' \ »rd *«f mi hi* bi 
capacity for absorbing moisture nt r*o h t* mj * ? U ic*. on I U * o f««ro, 
if air is made to pair oxer the ’tirfTr of thr w1 ;h-o 1 f»» )*♦ 

corded, and, in parthudur, if the wafer n ii up, o’. will I* 
explaining into very line par! itdes, :m the lie* <01 * m 1* w h i xery 
particle, or a large number of them, the * < ohng ct!*-*, * a a! tie 11 
depend upon tin* ipi/infiiy of aii pi inf tbomgh U’* j * r< 

and the capac.iU of eueh enbie loot of an tei 4? • rhm * taj*n;i ,** il « 
than temperature, and undei the mmlntejo inline. !te* f G o 1 y x 
another factor in the problem. If the air LGtreh f Jh ateiraud, 
if it ha h already a bans ted all the ftcYt.it* r e ♦ ij<«§Me *! ai that 
Umijxtrattm*, it cannot ateorh any 111*^1% and i f w *!5 u* ? n 1 

jimtitm? any evaj*»rativr elfei t, and th»*r**joj*< tv* * <» 4 *n ; * th b b*d if 
is more than probable that fie* nir it «dt iinv bo Cidsh o^'Li by 
coming into ronfnr? mill bodies tin! vail ub^ib c. G ite bn!* 
and then its capacity for holding nmafme L mo bm«re<l, g cab 
dejxGt vapour upon any ruLbnjee if* m u> ;** LitG in Iln^ « * e nj.oji 
iltti particle * of watei, and in p!ae«» i»f « n,ling fie 1 w ib i, tie bib al 
heat of the vapour depodte?! ||* t ^ 4 |j|, f ^|j| ibd^eo^t ; 4 ib#i 

wait4*r, and will mmc it* n\A* M of lomamg ib 1 be 

tjwsUon whefliei xnpom dial! bo rj#'p nfrd m the Gijo f 4 1 fion* 
tlm iitr, or xviirfiicr the ait nball alomb mfn m the form ^ I njmi 
froin the wafer in flic cooling r, up ai the relative 

tenniomt of the xMjmiir in the ai*, i*n»l lb* vaj^.vsr flat r tioiu 

tlm water. Kvajwaiioti tali^ pine# fi^m fb*< .urtn* e^ of lojm U ni 
till kmiiitTiifiiica, iinlrM it ii jaovented by pm» 40 opon tSenuifu*^ 
of thr? liquid, the in tjue^tton N-mp everted by iho %aij^ii*f 

lit the atmosphere, or gnu impinging tipmi tirn Jpjoid ll'bni 
in issuing from tli«i rurfime «t| a Jhjotd, ^ Ini4 a 1 < il.*$tt 14-100*41, nn 4 
the vajMiir which t#, preo m in the .ifnif^|#Iirir uRo iw.% ite own 
tention Wliftti the the two iiir ***jmib $h rviija^attoti 

taka plane, and nn diijMidt of x nj^mi from the affie#si| 4 irrr When 
tlw tetiiionof tlm vapour immtmtmg from tlm J$*jni 4 it greater than 
tl»t of tbn viifumr alivudy 111 tint ^mo^ihere, evaj^aateoi 

tela pit©!! and when the ivvera* of isfiidilion^ 4 n|#^it 
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fiiki’H [*lu*i\ TIi*' I*! t h** %.rj*».nr hi ?);*• :iMn * ) 4 rr** Viin**'* 

with l!r f«iii|» niltir**, ami vmSi t?r f| s *}♦••*!!’ plirtEy 

Forms of Cooling 'towers 

l% 4 ;ii r t<*v.rj iv* \ ; } ‘ * ! 1 a* * III t f *fr?it u * ni»*l 

fliau’Tt iiiO** <■ «• *f ) *1 y , * i %\ Op i i i; E Y 1 in Jr 

funii nf a > lijumr, lift ! 4 J* .u y * » » * 4; <it ! Jr *1*4,\ t* # fir 

' "Iff!*' f# 4 441 0 i\ * |* r • . ij * J < » Ininr , <4 4 tiV 14 r> ** *4 .1 1 4\U 4* r. 

If) « 11 # f iu\ !1 4 1 *f |4 Al*< I J 4 }*! «) ! ft ft r * ,'l*| i|f J * 4 '* * f, ? I Ml ! 

Irmy 4m* 11 Iv ti^v * v\^hviA *mh t* ut \ n 
IrifF* H I SWljitr * Jr, 0/ «4,4 4\ |J ** %Ui *4 *‘ 1 !*I| M'" r.jil .Ol'iWM 
injtulU 4 * tv* 11 WJf *<« 0 4 • • ' Uh * ^4ii*T 4* j*'?G- n|^*it t# it um) 
EwwJr.* Jr * li4 \ \slli 4,4* A- *4" 4>*4 <! i»m?i 4 1 rn l t vt .u*v 

MltMltlrn ||‘ || 4 J I * 4 { j * 5 , ; I < nit nf 4 144 > 1 r 4 F It F*v 4 # ^I E* lylf! 

lii.'ifi 1 !t«H ' tn «!>’*'« 4 4i ‘ .1" r4 j f »Ht 4, 4li4 Em Ok hum - 

a** titlSt fJfr I Ei 44 4 \ II n 4j/| h pn % iii f 4s t . tMirE’iii >4 f ivo 

*!r4ffjir| ji4if 4 tin* * 4 Ei, » |»i®4,t| jijMjr f u? 1 i Eifiifi^y iiliiili h 

In f r«4ifi* I It** T .nyE* 11# r El f I ^ # % nf « ‘"Elf * * 4A rt H t |«n 5s4 4t* % | FI 

4m4*A up 1 4 4 414 4* > I»* ^ b ** 4ifE if *h Im* I, !*■» »Ui%\ u, *4 l m 

fill! 4«*Wli ill I fill**;*, EmAA Sjfl4) flnfll f j*4 llir InU *4, 

llfltl |>* r#41» *1**4 ill n ?4llk nl .*4 Ifir \tuV^*4 4 f*F 4»*Uf‘** * b*4 

lift till* tl4ft 1-r fnllMlil (.fur* *|'4|1) m| Wt4.4r|| tF4iy!Fy ** III*' 

liltWit f»H «i|lf'44F f l4 S|*|l * >t t f II I »l,4f% n| l|4lt i 4 *, .Ul‘41 4 t»«|ff|ft 

ifttlvmuml kmi 4 4 m* hm n ' *41 * 4j «* 1 Sf’ Wf^ifE 

lli»/llifl IV* f «*#« | 4 ?af *4 } f|n 0 ! 4 f«fLii 4 If f ? 14 t ||!t 111 * IV* *' f |?t 

fili^wii in Fi^ 77 11#* lA.iti't i- rl*> 4 n %u\\ t nhrtv 1 }#«f * * 

Ut J*tii|||r4 fit !ln* fnjt tf ft*'* Mifi, tili4 M fjirs^ 

»!«1jv*i**4 Xu fin* \* t k b*n nf *bv m$ my* F*i nu* 4 n\v 

flu* wlmli* ui iln* U r my III!* 4 fEr ’4a!‘i v$ nml \ m % iniN **> 1 $ 

!iin%* Ffis|Ti)‘i^E «t»t| ll*r r ih^^yuvy it^m min u, ntb* f m if** 

f |#«44 Ilf, w|l 4 t#i*'f Tf fnflM r f * ^ 4 %**^ fS^r i|||m m Jlinl# }f 44 'i 

in fill r.v#n nf Em*! ,Sj.j4t«^ ll#* i|*r !||«> IfHJii «4 tlir 

l**W*T, ail»l til#* U l!* 1 I*'* 4 A* f ul li i J # flin |||*4<llil/ llir 

r*ni|**4f %1’llfFI lit l||F ! nftn?4, 4Hh f !«n Uf 9 <}s, ll ^ ^ EfIFfI iUfE f 

ElfUiO f|IWH?4y nf '** i|«411 iff ms4Ilir>f I ?lf flin ImJ,, 

111 ll#* ibiiiilF’V f**i41 *4 f MnJniF f|r f hi*mt* r ; r*. iniE nntu* 4E 

nfi*ly tm lr{* nf |Lm 4if4iF;ri#4'lE 4 iIf v* furl* %m*\ 

|ll« illUf^r apt f 4ili|f4 !??in 4 M| 4 ¥ :i4 mf, n* 44 *,.* «f i* npf 4 III! r fr nfi it fEr 

*iltiffffif*y rhmy IVnm !}<n # pu*p , tU* «h muni, i fmi ,4 

f In* !#fji nf f Ip? 1 liiiiitiF) 4 h !}„*• 44 * 11# in n ,m,« , }i«*i ^ ^ j**^ 

Iiiilfliiii f!riiUF*lif loti i t in fill,!*!* tliF f <# <hhy ni 4 uyri$ 44 ‘ 4 i s 

ill** liifll^! t*fp , 4tu 'fill* I#m| <, 4 «4f | I E|f,*M ,‘IH ,1 414*! Hi y* J^jr || |1,» 

iUi 4fiiil;flil |m 4 fTffF 1 1r t-1 lr ^;ti4 m»E ( 
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of tlm towrr, 


In this form of ..litisi «ow<-r, Luvr** L'-iO = .n<- litH'.l 

anil, if in*''.. at tL* l!n* l«"*nL 
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mill p nu ?!i^ t\n-mn*r 4 vr fin 1 nttnf l ** *lnv-n f hmtr»h 

Iii#* |u\i»r t jT Mini Tpn % r ? 4p*?i Z >' n>np ' 4 f Mi*! fin 

fi ii i* it m| :},** , 4 |^ v hi *’ ^ nr, * > *: p' * I » v *• » 1 T* u *** * 

ft, {«. «•»,»»!» |, T! . I HI H ' > / ** M* ih> H * f 1 Hi'I Tn«?t in 
-%llfli# i? lit pm*n *m j Hu' n i 'i 11 . * u\ E l *mi» I *1 'tuffs' f<| ;n 
liilil* 1 ! ll »• \\$ii ^ ivn, in** Mi if * in nO ; 1 ^ n m - iv *a M fit * 
r! f**fii* U nf f!t>- 'w m *, ip 11 . *' ‘"hi* # 
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|Lm «*m 4#ipr p»wi r If f 4i }1 ' ii i 1 4^*»iuiii»'4 f M h m-lF 
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hi j€M4i?fit in tin* nfaprilnM' mmEM<p n/ f ih»^ *frpai* i-f unin** *4 
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breaking-up of the water into spray is arrived at, because these forms 
of apparatus are less liable to get out of order, and the results a,re 
less liable to change than those in which the holes, etc., are liable 
to be partially or wholly filled up. The problem involved in hand¬ 
ling cooling water, though the calculations are very simple, is itself 
by no means so simple as it looks at first sight. If a certain quantity 
of gas or steam has to be condensed per hour, a certain quantity of 
cooling water must also be provided per hour, and with certain forms 
of condensing apparatus the quantity of cooling water may have to 
be increased as pipe-cleaning time recedes, as the deposit upon the 
pipes increases, and the quantity of water may also have to be 
increased, owing to its temperature having increased with the season 
of the year. If the cooling tower is to be successful, the engineer 
who has it under his charge must have sufficient margin in its 
capacity for cooling, to deal with all these variations, and that in 
spite of the losses by evaporation, by wind, and other sources. 


Gas and Oil Power. Producer and Kindred Gas 

Any gas engine may be operated by illuminating gas, or by 
producer, or other gas ; but the power available, the effective horse¬ 
power, is approximately twenty per cent, less when producer gas is 
employed than when illuminating gas is used. There are two gases 
that are produced in industrial operations that for a long time were 
wasted, hut which are now gradually coming into use for generating 
power—blast furnace gas and coke-oven gas. In the process of iron 
smelting, iron ore, coke, and limestone are burnt together in the 
furnace, with the object of separating the oxygen and other substances 
from the metallic iron in the ore. The furnace is fed by a blast of 
air, forced in by an engine, hence the name “ blast furnace; ” and in 
the process a large quantity of carbonic oxide is formed. After the 
iron has been separated from its ore, there is a large volume of hot 
gas rising from the top of the furnace, consisting very largely of CO. 
In the early days, and in old furnaces even now, the gases may be 
seen coming away from the top of the furnace, lighting up the 
neighbourhood, hut wasting a large quantity of energy. In the 
modem blast furnace, a portion of the heat of the gases coming over 
from the furnace is made use of in the “ hot blast stoves," in which 
the air for the blast is heated on its way to the furnace, but there is a 
large quantity remaining, and in composition it very closely resembles 
some of the producer gases, its calorific value being about 130 units 
per cubic foot. Before it can be used in a gas engine, however, blast 
furnace gas must be well cleaned. With the gas itself a large 
quantity of dust comes over that would be fatal to the working of 
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any gas engine. There are various methods of cleaning the gas, 
which need not be detailed here, by fans passing the gas through 
water in settling tanks, and others. All the difficulties have been 
so satisfactorily overcome that at several large ironworks the gas is 
employed in driving engines up to 1000 H.P. in this country, and to 
very much higher powers on the Continent. A point that must 
always be looked out for in all gas, except that supplied by gas 
undertakers in towns, is the tarry compounds that are formed in gas 
making. These must always be extracted before the gas is allowed 
to enter the engine, or they will lead to trouble with the valves, and 
in the cylinder, as some of the tarry matter is left behind after the 
exhaust gases are driven out. This will be in addition to the matter 
of the dust. 

In the process of coke making, which is very similar to that of 
gas making, as carried out in town gas works, up to a certain point, 
there is a large quantity of gas given off, which has a much higher 
calorific value than either blast furnace or producer gas, as it is so 
rich in hydrocarbons. Its calorific value may be taken as about 
400 heat units per cubic foot. A portion of the gas, approximately 
half that given off, is used to heat the retorts in which the coal is 
being formed into coke, but the remainder is available for use either 
for firing boilers, or in internal combustion engines. It is employed 
at the present time in both ways, with very economical results. 


Producer Gas 

Producer gas goes by several different names—water gas and 
others—but all forms are produced on some variation of the one 
method. Coal or coke is raised to incandescence, and steam or steam 
and air are driven through it, the heat causing the steam to be 
decomposed into its components, oxygen and hydrogen, this being 
followed by the combination of both with some of the carbon of the 
fuel. The calorific value of the different forms of gas runs from 130 
heat units per cubic foot to 200 heat units. In some forms of 
producers the generation of gas is only one part of the operation, 
what are termed by-products being considered of as much, if not more, 
importance than the gas. Mond gas, of which so much has been 
heard from time to time, and of which so much is hoped in the 
matter of distribution of power by gas, is essentially a by-product 
process. There is hardly space to go into it here, but it may be 
mentioned that the process has been very carefully and scientifically 
worked out, heat being economized to the utmost; and the by¬ 
products, the principal of which is sulphate of ammonia, which are 
of considerable manurial value, being continuously produced, gas 
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being rather a by-product than the others. The calorific value of 
Mond gas ranges from 130 heat units to 140 per cubic foot. In 
most of the earlier producer plants, the generation of gas was not 
continuous, a process of changing over or recharging having to be 
gone through at certain periods, while storage was necessary in some 
cases, when the engines using the gas were not working continuously 
through the twenty-four hours. 


The Suction Gas Producer 

In the latest apparatus, however, which has only been placed on 
the market in recent years, all of these difficulties have been over¬ 
come. The gas is produced as and when it is wanted, its generation 
being controlled by the engine itself. In the suction apparatus, 
the draft necessary for keeping the furnace in which the gas is being 
generated in operation is created by the suction stroke of the engine. 
The producer consists of an iron cylinder, generally insulated 
thermally and lined with firebrick, in which the fuel rests on a 
grate, with an ashpan below, and with a hopper containing a supply 
of fuel above. There is a small boiler for generating steam, usually 
in the form of a ring, surrounding the top of the furnace. The 
furnace is fed with air from outside, and with steam from the boiler, 
the steam and air being led together to the bottom of the furnace by 
pipes arranged for the purpose. For starting the apparatus, a small 
fan is provided, which forces air through the fuel when it is lighted, 
and until sufficient gas is generated and enough heat to enable the 
fan to be dispensed with. The air and steam, as explained, combine 
with the carbon, forming principally CO and C0 2 , with a small 
quantity of CH*, and the liberation of a small quantity of free 
hydrogen. Anthracite coal is the fuel preferred for the suction gas 
producer, because it is so rich in carbon, and coke is even better if it 
is free from sulphur; but all forms of coal may be used, provided 
that proper scrubbing apparatus is fixed in connection with the 
producer. The scrubber consists of one or more cylinders, filled with 
coke or sawdust, the former being preferable. Above the scrubber 
is an arrangement for allowing a thin, sprayed stream of water to 
trickle constantly down, over and through the coke, or the sawdust. 
The gas to be scrubbed enters the cylinder at the bottom, and passes 
up through the coke or the sawdust, meeting the stream of water 
trickling down, and parting with all the tarry matters it carries, If 
the operation is properly carried out. It will be evident that, within 
certain limits, the operation of scrubbing can be carried as far as you 
please. The gas may be subjected to the action of as much water 
carried on the surface of as much coke as you like, and it is only 
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necessary that the process shall be carried far enough for the gas to 
come out free of all tarry products. After passing through the 
scrubber, the gas is taken to what is practically a receiver, called the 
expansion box, from which it is drawn by the engine at the suction 
stroke. When the engine draws gas from the receiver, the pressure 
there is lowered, and consequently the pressures at different points, 
right back to the boiler and furnace, air and steam being then 
supplied to the furnace in exact proportion to the quantity of gas 
that has been taken from the receiver. When the engine stops, the 
draught is automatically cut off, no air or steam passes to the furnace, 
and no gas is made. In starting the producer, say in the morning, 
the generation of gas is tested from point to point by gas cocks fixed 
for the purpose, where the gas can be burnt in a jet. It is known by 
a characteristic blue flame, and a smell of its own that cannot easily 
be mistaken when it has once been experienced. The smell is 
quite different from that of ordinary illuminating gas. The suction 
gas producer is to a gas engine what the boiler is to a steam engine, 
with the advantage that it requires very much less attention, and 
less fuel for stand-by purposes, and it takes very much less time 
to generate sufficient gas to start the engine than the average 
boiler does to make steam. Another advantage is claimed for the 
suction apparatus, viz. that the pressure within the apparatus, 
except during the short period in which the fan is in operation, is 
below that of the atmosphere, and therefore leakage is very much 
less likely to take place, than with gas delivered under a certain 
pressure from the town supply service. It is wise, however, to 
arrange that the producer house is well ventilated. The suction 
apparatus also takes up a comparatively small space, and requires 
no chimney, such as is necessary with a boiler. From 80 to 100 
cubic feet of producer or blast furnace gas is required per brake horse¬ 
power per hour. With coke-oven gas, a smaller quantity is required, 
approximately in the inverse proportion to the calorific values of the 
different gases. It varies with the fuel employed and other things, as 
well as with the attendance, so that no absolute rule can be given. It 
is wise, however, in calculations, to allow 100 cubic feet per B.H.P. 
for producer and blast furnace gases, and from 35 to 40 cubic feet 
with coke-oven gas. The quantity of fuel consumed with the 
producer gas is from three-quarters to one pound and a quarter 
per B.H.P., and the quantity of water required for steam, and 
for scrubbing runs from 1 to 2 gallons per B.H.P. per hour. Of 
this, approximately one-eighth to one-quarter of a gallon per 
B.H.P. is used for steam, and the remainder for scrubbing the gas. 
The water required for the latter can be employed over and over 
again, if desired, by proper arrangement; but as any kind of water 
almost can be used, using over and over again is not of importance. 
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Some suction plants are arranged to use very little water on the 
scrubbers. 

The coke or sawdust in the scrubber has to be either changed or 
cleaned periodically, the time depending upon the fuel, the water, 
and the material in the scrubber. Fig. 78 shows a section of a 
Campbell suction gas producer. 


The Internal Combustion Engine 

The engines in which gas, and the vapour of oil or petrol are used 
to generate mechanical power, and which are known as internal 
combustion engines, are very different in operation from steam 
engines. While with steam engines it is necessary to have a steam 
boiler to generate the steam, that is afterwards employed in driving 
the engine, with gas and oil engines the whole of the work is per¬ 
formed in the cylinder of the engine itself, the mixture of gas and 
air contained in the cylinder performing the same office as the steam 
does in the steam engine. It will be seen at once what a very con¬ 
venient arrangement this is. Gas may be generated miles away, 
brought to the works in pipes, and the necessary power created by 
the consumption of the gas in the engine itself. Or, jpcr contra, gas 
may be generated on the ground and led to the engine ; or, again, oil 
may be carried to the works in any convenient manner, vaporized, 
and used in the engine. With the exception of a few of the later 
forms, all internal combustion engines work on what is called the 
Otto cycle, and all are constructed on very much the same lines. 
There is a cylinder, open at one end, in which a solid piston moves 
to and fro, operating a connecting rod which communicates its motion 
to the driving shaft of the engine. The piston receives a violent 
impulse once in every four strokes, which is once in every two 
revolutions of the crankshaft. The violent impulse is created by an 
explosion of a mixture of gas, or oil vapour, and air. The action is as 
follows. Commencing at what is termed the suction stroke of the 
cycle, the first stroke of the piston outwards, as the piston moves, the 
space left vacant is occupied by a mixture of gas and air, valves 
arranged for the purpose, somewhat similar to the suction valves of 
air compressors, being open during that period, and the extent to 
which they are open being controlled, in the latest patterns of gas 
and oil engines, by the work the engine is performing. The power, 
it will be understood, is obtained by the combustion of the gases 
which are present. In ordinary town gas there is a large percentage 
of a carburetted hydrogen and of hydrogen gases. Both of these, the 
carburetted hydrogen gas being first decomposed, combine readily with 
the oxygen gas in the air that is admitted with the gas, and in doing 
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Gas Engines for Large Powers 

The Otto cycle, with one or more cylinders working together, can 
be employed for large powers, but the sizes of the engines tend to 
become large for powers such as those that have been named, 
1000 H.P. and 2000 H.I\, and so attempts have been made to bring 
the gas engine nearer the steam engine. These attempts have been 
made principally on the Continent of Europe, where the lead has 
been taken in the use of blast furnace gas for power. In one form of 
engine the Otto cycle is employed, but two cylinders are arranged 
tandem with their pistons on one rod, and delivering their power 
to one crank. The inlet and exhaust ports of the two cylinders 
are fixed in the ends of the cylinders farthest removed from each 
other, at opposite ends of the cylinder system, in fact. 

The different parts of the cycle are going on oppositely in the 
two cylinders. Thus, calling the two cylinders A and B, when 
cylinder A is taking in gas, cylinder B is compressing, and when 
cylinder A is compressing, cylinder B takes an impulse. When 
cylinder B exhausts, cylinder A explodes, and so on. By arranging 
two pairs of cylinders, each pair tandem, on opposite sides of the 
flywheel, an impulse every stroke is obtained; and this method has 
been employed for driving electric alternate current generators that 
have to run together in synchronism, with considerable success. But 
an advance has been made upon this in the Korting and Oechelhausen 
and other engines, in which each cylinder is double-acting, while 
pairs of cylinders may be arranged tandem, and two pairs of tandems 
on opposite sides of the flywheel. In this form of engine, both 
cylinder ends are closed, as in a steam cylinder, the exhaust port 
being in the middle of the cylinder, and uncovered by the piston. 
G-as and air are taken in at each stroke, just as gas is in the double¬ 
acting compressor, the inlet valve being closed at a certain portion of 
the stroke, after which compression commences. The outstroke of 
the piston with this form of gas engine is the explosion stroke, the 
return stroke being both the charging stroke and the compression 
stroke. There is no suction stroke, the charging of the cylinders 
being performed by a pair of pumps, one for gas and the other for 
air. The pumps are so arranged that the gas and air are always 
admitted in the proper proportions, under a pressure of about 9 lbs. 
per square inch, and so that a scavenging current of air is driven 
into the cylinder after the exhaust gases have passed out, before the 
fresh charge of gas and air is admitted. The piston is made especially 
long. The cycle may be taken as follows: Commencing with the 
explosion at one end of the cylinder, the piston is driven forward to 
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Oechelhausen gas engine; Plate 5 , an Oechelhausen gas engine driving 
a continuous current multipolar dynamo; and Plate 6a. shows a 
complete Korting gas engine. 

Oil Engines 

As already explained, the oil engine is really a gas engine. It 
hums a gas made from oil, and it is practically the same as the gas 
engine in every respect, except that provision has to be made for 
converting the oil into vapour. In the petrol engine, which is so 
much used in motor cars, and which is also an oil engine, the apparatus 
which converts the oil into vapour is called a “ carburetter/' In the 
stationary oil engine it is called a “vaporizer." There are two 
methods of vaporizing employed—the application of heat, causing the 
liquid to evaporate in the usual way, and spraying. In the latter 
method the oil is subjected to the action of compressed air or some 
equivalent arrangement, the oil being broken up into a fine spray. 
The object in both methods is to produce a fine state of division of 
the oil, so that it can mix with the air in the same manner as coal or 
producer gas does. In the modern oil engine the two methods— 
spraying and heating—are combined, the oil being sprayed into the 
vaporizer chamber, which is heated. In the petrol motor engine, 
the carburetter is a separate device, carburation taking place before 
the mixture of vapour and air enters the engine cylinder; but in the 
stationary oil engine the “ vaporizer ” forms part of the engine itself 

_in many forms an extension of the engine cylinder. In Messrs. 

Hornsby's oil engine, the vaporizer is a chamber at the back of the 
cylinder, connected with the cylinder by a small passage. On the 
suction stroke of the engine, air only is drawn into the cylinder, oil 
being at the same time sprayed into the vaporizer. At a certain 
stage of the compression stroke the compressed air, having become 
heated to a certain temperature, is forced into the vaporizer chamber, 
where it meets the oil vapour, mixes with it, and the whole being at 
a sufficient temperature, the mixture ignites at the end of the com¬ 
pression stroke, the explosion following, as in the gas engine. In 
the Hornsby engine, the vaporizer is heated by the exhaust gases, 
which are made to pass out in its neighbourhood, and by the general 
heating of the engine body. 

The spraying apparatus consists of what is called a needle 
valve, an arrangement something similar to a steam injector. It 
has a fine tube passing into the vaporizer chamber, the tube being 
partly filled with a fine needle the position of which can be regu¬ 
lated according to the kind of fuel and the rate at which vapori¬ 
zation is to go on. The vaporizer is also capable of alteration for 
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different kinds of fuel by altering u poiiion id th»> tillin '* 1 Win 11 
starting, a charge of vaticmr k formed by tin* aid of r 1 * it* j * pro* idrd 
for the. purjiose, fed with the same oil a * the m^m** u »' 1 1 he pn 

liminary heating of the. vajmrizer chamber tak* < teyin *-v*n t-» f* n 
minutes, the chamber being heated to a dull led I he I imp then 
tunnel off, and is not required again till the engine 1% ?»»tlmtu d 
The reservoir of oil is kept in the riding upon vviueh fie eneim* 
stands, and it is fed to the spraying n*a/!e by a mail pump In 
the National (las (Ws engine, whud* i* v * 1 v luieh *#ii lie* life *< of 
the Hornsby, the parts are nearly the miu**, * *;«*♦* pi that an mlym 
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spoci&l device is added ha convey»r f a j* f of led cutnpre'^ed mt h^m 
the cylinder to the neighbouring! «4 the hot tube. 1 he front uf tb«* 
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to lit the recess, no that when the « ompre mioh 'dtohe r* 1 otopbie fhr 
piston enters this reccci, f "ouunune at net will* the tear % nd *4 the 
cylinder outside the, recede* k a Mtedl pa** age h adm** t * the u psce 111 
front of the ignition tub*. ami m the phfou ictiiiii , tie* air r* h o * d 
along this pirn sage, (>11 meeting the mbluic of % apoui and *0 in 
front of the inky the temj*eratnre of tin* whole r$ tm ,n| 'Oilfe 1* fitly 
for explosion. In kith the Horn by and tin* National, aiel in ail 
tlni engines worked on this methyl* tin* rnfftbtttifiMt wbuh 11 coin 
iiieiieisi at the rear end of tin* vajsak* f * onward to the 

remainder of the compressed elinige, lik*mtnig he*l, and canning 
expansion of the pnidurta of ©ombutfioM, m in the gas engine, In 
the Uampbdl and ©them the oil v> earned in is tank ab*v*» tie* * yhudm, 
and runs by gravity into the vataun/ri, In tbme hams the an drawn 
in on the unction stroke m turn** to spray the ml info tie* vajasri/er, 
the latter b»ing a hot <h;tfub*r» mlemr walk uiiiiirdnitrly the 

finely divided oil jairtieles into vnjiour, which tninn with fie* iut 
which hits formed if* Ftiun the vapaixer, in these form*. fh** »tu.tfnt»< 
of vapour and utt iwwes into the engine rilindtfy vtbie it 1% t om 
ptwwt in flic usual way, and fired by a b4 tul#’ ml flic rrat end, * 4 * 
the finish of the rottipriwfoii idrnke. The ignition ?ub% m the*** 
forms, is sometimes heated by it lamp, and smurf imee led* the pro* 
vision of a lamp, in tin cira* of the f,’nmpbdt engine* bin** ‘ijipat^ntly 
a matter of precaution, m m one of the fe4?§ reeofdcd it m *ut#4 that 
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east! tht whole %mm of the engine townie sufficiently lmt, after 
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with tim vapour and air, anil thoy »toft tl»t they obtoin m lurthei 
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economy in oil consumption by its use. The office of the cooling 
spray is to keep the engine cylinder cool by absorbing heat for its 
conversion into steam. The steam, when formed, also adds to the 
push given to the piston by its own expansion. The use of water in 
this manner is coming in in several cases. 


Governing; the Oil Engine 

Several forms of oil engines are governed simply on the hit-and- 
miss principle, described in connection with gas engines, the supply 
of oil vapour being cut off when the speed of the engine exceeds a 
certain figure. This is largely the method employed with petrol 
engines used for motor cars. But in many forms of the stationary 
oil engine, an attempt has been made to obtain better government, 
and to proportion the consumption of oil to the engine, in accordance 
with the load, more on the lines of the steam engine. In some forms 
the governor controls the speed of the pump that feeds the oil to the 
vaporizer, lessening the supply with the increased speed, and vice 
versa. In other forms, those in which the oil runs down by gravity 
to the vaporizer, the governor controls a graduated valve, through 
which the oil passes to the vaporizer, closing it partially when the 
speed increases, and vice versa. In the Hornsby engine the pump 
continues to deliver the same quantity; but if the speed rises above 
a certain figure, the surplus oil is returned to the tank. In the Camp¬ 
bell engine the governor pushes down a steel catch when the speed 
exceeds a certain figure, preventing the exhaust valve closing. As 
this prevents the necessary lowered pressure being formed in the 
engine cylinder and its adjuncts, no air is sucked in, and therefore 
no oil passes into the vaporizer. It will be understood that in some 
of these patterns, those in which the oil runs down by gravity, the 
passage of the air is necessary to bring the oil into the vaporizer. 
There is an injector action in connection with the air and the oil, the 
passage of the air in front of the tube drawing the oil out into the 
passage leading to the vaporizer. The action is similar to that of 
the scent spray, and it operates very frequently in ventilation. 


The Ignition Problem 

With petrol motor-car engines ignition has settled down com¬ 
pletely to the electric spark, and this appears to be preferred also 
by a few makers of stationary oil engines; but the great majority 
prefer the ignition tube. The reason given by one maker is, the 
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platinum point# between vltirh tin* ignition ,pnik pi i e;< heroine 
clogged wit It a ximhh of carbon, which prevent» tin* jm.*'Uiv i»f the 
spark. Thorn* in a great deal of truth in flit , lit petrol itoder-rav 
engine# thorn Is mono trouble trnm tIn ^ rau*«<\ and pitiol b much 
loss liable to dejnwit carbon than tip* heavier **il that are wad i n 
Htatinnary engines, The firntfigenmiif tor i;^nitifai by the elr- tin- 
spark is aft follows. Homo form of terminal pm* ** r* hud in the 
cylinder or vaporizer* where if h desired that t ojnbtrU mn diall 
commence. Thorn am two forms of ; pinking aiia?r;«*iiP*nt.% Up* 
moat common anminln of a jtor*’elain plug, fi‘,*d m a »t» wol mHhd 
fitting, whidi i« tterewed into the cylinder. Tie* pin;* f-itrs* at iti 
inner end two small platinum wm*% iir^il tf# 4 fiom err h of bn, 
placed with their end* nt sttclt n dr fain e aj art that f }*** «'p*rk, n 
u fat apark" will pm a easily ?u*ro,<t. The unt*ttf IN this, uludt t»* 
at a primiireof sevei.il tlioii and* of i- pi'Ajd**d by i Kit^-ty 

of amimulaioj.i, or diy r§*ll?>, mid ini imln* tn»n < nb I try ar«* 
going out rapidly foi motor * ,o link, ;e* lie v are mi me **ifain , 
while for at at ionary work, win n* it i tea t onvrm* nt to * lunge 
accmmdntora, bichromate «eJL may 1«® mod Tb*- uppintm i> 
completed by wlnif is railed the commutator, which iroudH * oimid** 
of a dim* of insulating material, carrying miMet pin-*<*. cither on 
it n edge or on ita fare near the edge, with a tonf-a* t held by a spring 
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abaft, and when mm of it# conflict piece* rotip^ opj<M«ifc the 
stationary contact piece, the Hmnt is cecodl, ami *** b?*4^n name* 

diatoly itftnrwiirtK a a tlm dbr move* on* n nj^rk then 

laitwiieii the jaunts in the cylinder, tie* r**mmnUiim nr ranging that 
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With tft« of her method, kmmn $m the tii4piief« f a ^winlt magnet#*, 
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its armafaire, which w made on xnt'ww pattern^ l#diig *»j^*r4te«| by 
gearing from the half-time dmff, Then* b ip* nimniiiutor, hat in 
its plin*e the half dime shaft wo? k$ a ml whiih breaks n t oaf art 
inside III# cylinder. 


The Diesel Engine 

Tho I)i(*»ul is also an oil «ngi»«, but on v«ry n*»vi>l Tb«r»» 

i* no imition tubo m»r (st|uivab;tit (he i|iiitiiiw Iwing am»w««. 

pliahect by tho hut guwntHl in llw air, which t* cnmintMil in tb 
cylinder for tho purpose, and which combinoa will* tba oil vaptair, 
la tb Diwcl engii» tlaiw tm pnetioally iluwi ojafwtioMa p«» i$j on. 
Air, only without any vaitour, is sttikrai inbi tin* cylinder mt tli» 
suction shroke—the Diwel engine wiarks on the Otto cydu—and in 
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compressed on the return stroke to a pressure of 500 lbs. per square 
inch, giving a temperature of approximately 1000° Fahr. At the 
same time, the engine is driving a two-stage air compressor by 
gearing from its crankshaft, supplying compressed air to a reservoir, 
which is maintained at from 750 lbs. to 800 lbs. pressure. At the 
moment when ignition takes place in the ordinary type of gas and 
oil engine, a very finely divided spray of oil is injected into the 



Fig. 80.—Sections of Diesel Oil Engine. 


cylinder, and sprayed by means of the compressed air in the reservoir. 
The oil spray, meeting the air in the cylinder at the high temperature 
mentioned, burns, the oxygen necessary for its combustion being 
provided by the air which ignites it. The oil is said to bum steadily, 
the effect being more like that of steam entering a steam engine than 
the explosive force of the gas and oil engines described. The oil 
is forced into the cylinder by means of a pump, as in some of the 
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other oil engines, tins compressed air !!*;» it 6» 4me if m, ami 
atomizing if in tho process, T!i» # remainder *4 tin* * F m f he visin' 
iih with other oil engines. Any kind *4 »*il ttsa> he me4 in tin* 

!)k«el engine* hut fin* chcajrr kinds, tin* * ru*k h»u%y otK 

are prefemah hecuuHu they are rlt«utper amt ndmr in * *rl«»n. Tli v 
vmi for find, \vh*m tin* multi oils are employed, p claimed ?*» tr 
less than that of any other *41 engine. Tito ijtmtftiy jv-r B.H I", m 
rather loss than half a pint, while the od *4 Ik* *i mk nih Umv 
is much loss than tin* oil sold fur illniimiatmg joirj^ ^e , 1I»** muk 

oil is the refuse alter all fin* refined ml*- It u e k * n 4i Ulkd *«jf 
Tito fuel cost, using fhi* Milnfame, k dded t*» ho #*u* j tenth 

of a penny |rr IUl.l\ Tito I he * 1 engine r g a * to» 4 hv c untrHlhfig 
the pump supplying oil to the * \ hudrt, 

Tito IHcsel To, i hums, howt n*t, ilia! they olitaiti a turn* of 
much nearer tin* hud than i po^ald** with tin* me 4 f;»}>*» of ml 
engine* titiiiitinrlt ait fin* «jnunf 4y *»i »*4 allowed to eni# t the cylinder 
is nrmngcd nt f!tt‘ \» ry la,-I itmttif*', or x h-Tm* Manhunt urn 
mottoes, ami they show, hy fin* an! of imlmai#* diagram'*, that t)m 
effect produced, when flu* engine n working a? kv* th in full h*ad, 
in very similar fo that itt it doom Migiii*' wh»e>e governor »oj*lroln 
flttt slide cut M *iff lit flP’f, Wi |l4f*ttll*4to#f aho%r f ft|r IftrM"! rffgtfp* 
approach*** very cloudy *»i ik working #trok* 4 to fin* mmit ntytmo 
Fig. Ml shows unctions of one form of tlr lhtm?I ritgitu*. 

A Coal-dust Burning tlnglm urn Similar 
Lilies to the Dictel 

It will In* of infeteni to mention 11*at attempt** have hm*n mud** 
to work engines oil the ?mim* j*riurifiIo an fh** Iirn^J o4 rn-oipr w oh 

mul final, m ii fuel, t Toil 4nd fame! mtr^fm M f^r firing diaim 
hollers, on the natm* linen m *«il fm f and it tn a icitnral 
of this jiriuH|ili + to w<*rk ititernal oinihtidi^ii **m*m'* with the mm* 1 
ftirh At the UliPg^W F%lillfltlo?| of Itifll mi rtigme v% |$lhll«f 
though the %iTit4?r Isdutvim it tmt urtiially run in tlm *• dokii*m # 
of Ihtl II,F,, in wJtklt rtml 4mi flit* fti«4 TTr* nui! *htd 
itijteicd ml#* the eyliiider m tlw mm** ummmr m the of #al 

in fliu Dkwl eiigiiiitjlitt rlisirge Iwdfig iifiiifid hy flux t$rj§fr4 air, whiirl* 
t««t previously \m*n in ilm mum mmmwf m m the lip^l 

fit!. Tint iiigifi«! t the writer tN?lffiVr# # Workfd oil tlir lift## ryelr 
“k for the engine ww watrinr*! h*f**n* \mm%$ into the rylimiei 
over parti «f fli« rngiim which were itf it tiigli ieuijs-ratur^. 
i Ilia fifth trrii j illicit on the i nift*c F^^itdy 4iffrat|tie-i 
•^lertinii with if« wot king when in iti»i HumI not 

fti«lwii in ilm «tjrmimnUl ufa^e r hm llmm would 
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appear to be no reason, other than practical ones, for its non-success. 
Every one who has visited a colliery where screening is going on is 
familiar with the cloud of finely divided particles present in the air, 
and it is these that are made to ignite in the engine cylinder, mixing 
with the air necessary for combustion, in the same way as the vapour 
of oil does. 

Having decided on the source of power, the engines to be used for 
driving the dynamos, the next items in the generating station are 
the— 


Generators of Electricity 

Two forms of generators of electricity are now employed in mining 
work, for continuous current and for three-phase alternating current. 
Single-phase alternating current is not yet suitable for mining work, 
because the single-phase motor is not yet a practical machine such as 
could be employed for driving mining machinery. The two-phase 
generator is almost the same as the three-phase generator. The 
principle upon which continuous current and alternating current 
generators are based is the same. When a conductor is moved through 
a magnetic field, or when the strength of the magnetic field in which 
a conductor is lying is changed, or when any equivalent of this is 
produced, an electric pressure is created in the conductor, propor¬ 
tional to the strength of the magnetic field, and to the rate at which the 
change, in its bearing upon the conductor, takes place. Put in another 
form, assuming the conductor to be in the form of a loop, as all con¬ 
ductors used for generating current are, the pressure created depends 
directly upon the rate of change of the number of lines of force passing 
through the loop. In practical dynamo machines there are a number 
of loops of conductors, and they are held sometimes in slots on the 
peripheries of drums built up of thin iron or steel plates, sometimes in 
slots in discs held on the inside of iron or steel cylinders. In both 
cases it is arranged that a powerful magnetic field is created within a 
small annular space between an outer cylinder and an inner one. In 
continuous current machines the usual arrangement is, there is an 
outer cylinder of iron or steel having feet for fixing to foundations, or 
forming part of a bedplate which performs the same office. Held on 
the inside of the cylinder, and pointing radially inwards, are cores of 
electro-magnets, the cores being sometimes of wrought iron or mild 
steel, forming part of and cast with the containing cylinder, some¬ 
times built up of thin iron plates cast into the steel or iron cylinders, 
when the latter is cast, and sometimes of other arrangements. The 
magnetic field in the polar space on the inside of the cores of the 
field magnets is created by currents passing in coils of wire round 
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the radial t'tHVH dnsrfiled abm«\ Ill inodruj ina'diim* • Jbr ftrld* 
magnet ends urn wound -**in**fin***^ #*ji vk»«.d #*n 

niHitl hjwk>1h, and KoiiH-tim*‘; nr** aiiuj»h mad** np info »*• »iF In 
tillI«*r nuns they are very careful!} iiiajbud, tin* wu* h| nbrii fh<< 
coil a an* comj#*jM*d Iiuviii^ iil 1 fin* item bit** *‘\tr;nied from fl*,#*ire**tton 
covering#, in u vartium oven, au»i Urntg afterward** m an 

inaulating varimdi which red f ; nmhture an 4 h«-,*?,atid fin n wra| 4 |»‘<i 
with hiwilating tiaj*ea f and in *»fl*?i % ay* protected ivm iiP'rfi.iiiir^l 
injury, damp, efr. If in a » nnim'*n practice in ntdt/e the rowm- 
tdtflJMtd tiifjfi of fill* cor**;-' of the field in tan* !'* f<** ledd f he pejd rMih in 
pOHitinn, Where tin* field magnet :ip« * ;r t m fIi»- ''"ht-amuig 

ring, the, f<irmed milaim* ]ipj*ed >4e| fi^'in* ant fW pur* j 4tr 
then fixed nut nidi* of fin* field mil:*, and bdmd ih** * >. The 

nr«.*mn!iif»?diiijmd Jude piece* for in an inner eyltttd* t l<ndi»-n by the 
gnjrn between them, Plate *\h de»w> a rnmpb P fieiffipohar rote 
tinuouH <*«rr«*nf geiiejutor, made by Malian o Hatt, 


The Armature 

In tin* rri!iiini!i»iii 4 current iiiiirliinr the armature, «*n wlm li tin* 
wires that am to perforin lli* # *tflr« of general mg tli« »"iiffi.tut am 

carried, i» tniilf «|i of very thin iron nr «f«d plato*. in tin* amatli^r 
maohimoi l!w plain# iins in tin* form nf *«mph U* *lm r * fn the huge? 
m&ahmtut they an* in the form *»f mtH^m *4 diwa, them Iwtug m many 

uector* m thorn itre jmim of p»l<t* in fl§«§ mm4mw\ In MJi rmwi tli*i 
jHitiplitsriea nf f!t«* j 4 iiti # n 11111 al«*tt* # *l* l!i«- iniwtr *w|gi*# <*,p f jniiir|n«i r»r 

slotted, imd the jdittna nm innlf itji n\mt hrm® itwff$i- i «iitr.i inn 4 «? 

in iKffttiiiiiii in iniilti|«iliir in#s€ht!$*^ # ilir mlmlr lunfin i« 4 *l tif«i a 
linwii kimt in tin* mitm* llmnigli whttdi t!i« driving mh *d' tho marlnne 

{iinitifi, and t« wlikh it ii |t*yi?d Tliw uliifa *m the jd#l« l 

wJien tins latter nr« in tmmikm, farm lotifiitinttnal ^hattfnd^ in which 

Uin copier enmhictnra fie, tMnm* Iwiildiiif into Itm 4tmm tkm mm 
pkktrn ftirtn, they 11ns fi»f varirnkml Tlws mxhnn phn i% llm platoi 
fi««^llmnig}i immmhmn mmhinm mrnw wtmii 

firnisli drijii, tiin mrtmh hm$* mmmt mi m» h jiliir m t fSuti 
la|er # Tim filiitis in thnn imrriwl «itt to a drying af jiiriiliii, rtrfiiii 
filing mscMiriijiIiiliml l»y h«ii mr t rnml the plate at tim «»|ij«*itu 

ttnl uf tlin inmdiitiii, after <1 fnw mmwlm, with n dry ii«Siii?tv»it «*tii#n 
of wtitilt on each aide. In antntf iimditiim 14 n *ry fliin wf 

i« phoecl between the pbt%*m, In all ling* nimt t mr 

anti p»?Mtfd at mrtmn |mrtl mm uf ttui lniigtlii t$f tlm dniii f»y lii»g 
iiitotii© »i§«» between »wi*f um# «t‘ jdafea, the mt |«Awng 

through itt «%nt» of tlio fl«tiit p nmi tint at Urn \mnp\my tfir«itifl$ th* 
ipwi lift imlwmn tim pUli^i Wlitn tlm plati^ m%*' 
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I iii'ii r: Mj» * ii* I li v }# ^ * if <i*il pi** 

rrUtit* 4 in fm-v-n lr< u <*i » u-t »ia .* n IT* *■ If t*ii 

i'Hii?ifniMii* * mu m it ¥ hiii* > 4!‘ alia* ♦ nr* u < ; T < !i,i- i * * ,il!*t| 

“ f %4 »*> nj 4, ' li‘»' * 4 ' i ?U vT f'/’l l m »«!***! f**nj|i*! It! f li# * % |H 

S }*** f * il A?i) * ur 1 v* Im : i . i% J** i* i 4 i tta umafntr, A (U'l 

Umip fulfil**! v i • V«*4 m H,» 14 ** nmi » mn, \ ii?if't}tr4, fT v*rin T .*■? 

}*y lirat in f 4 «' » 14 kvA f ■ 1 Tn**r |.?/i f # t!«*iI Jr f i?> tpjtpt ; ! y, ha-h 

air all <* *h 1 * a an4 % trui 1 * «• Ur f * mi* -h t^rn » 4tr4 r> 

m|’ $ )p r.al lip 1 |rff JU»V | till‘d 41 *» l*» « » 4{*V Tf»«* 

mil'* afr r ip» fall’* !**• '-'4 c ! 1 Pia jTi *'4 m ftp* isia 1 Jim* f h*l 

tepi ?4P* -*•, *• i* Ii ' 1 % 1 , * ? i * A\ M» \ll ?Sm «4 j *n i nit fl'*« * 114 *' 

lii11a 1 b * 1 Ur apisifai'r air * **• fully 

11:41* I <4 f , rl J * 5 * l ,1! 4i 4 ; '4 I • III’ * •* r I, ,%u4 Hir 1 InilllnU 4 

filrffi ♦ » U# ' I?- !|fir ' , 4 I?.h HIP' i Ntlll ?l4n t|r* |v.f||||#| Ul** 

fhai ;ip 1 , aiHIs !M' p’ 1**4 i 'ail *i.;?nt4i f».tii44#4 l»v |.ai!«tiii;‘ iIp* 

1 III II $ ' rf Hi”'..I mh* ,1 llrjp.!** *1* U’ M 'f *nl *v? ( all-| :Ml4p'<f |?H**4 a it li 

fstitrf ‘4 .< ?ii< <• 4' h a i pu :} i},,n |f mjU 4*« mal**i U^*4 tbaf. llt«f 

jf'tvtftali 1 •> * i a < ?Ip* ' a! art tS*** ithi in wf*i> Ii il 

li*"., 11 ihr*A*%k *4 1 h<' ifin itur*", tip « 4 i." f4if, g|%r?i f|«* 

IllllPlIlff f-4 f I-' '.14^ f h ?,‘i aafa-Sfrlrl Ir if V 1 tfir i4i« »*fH 
wfn* 1 ? fiimf < '*r** p-* 1 tf lli» i iii'-al.iip-fi ih pm |'X«»|**rlt *■ ii ii**if 

Kp|f, if ii 1 4!ii I# nil i f'pii nf#- | a ii |^pnf *4 im* Ii r> Irf’t m tln% 

f 4**l, i I'i'ii If lir‘lal|p‘ i|Hi f Is Vk |^*r |4 J*4 # , fhr I|l«|'4l4n|| 

ill*' Hap fillir ?it!4T pt m \ 4 4ly 4 |l‘,p Inn'irfilfin «♦{ f}|^ f }ip }»fit* -** #if 

I la* 1 fr PI ill all Ur* ra ? | s |«*f «* ai4iii !,m| .** 4|i4 |}a» lllfli ill*’ 

? ln‘i ¥ fins*i *p ' m 4 1 llnl! j^4lll # }*rt| V l»Pl 4 

1 % lak r ii *4 Ik * 1 in I- p-wlv litatv m#i tU**w 

ilfpl |4* n?ani»n limp; Ilium f > ?#ai|rr ffiafi tlia 1 rf fla* 

$f*i«4l If 4 a|ip « ft* H |.fr;n'Si» f* | ^j* 4 fl 4^'^ Jainp f|a Siinrfiiifr pi 
m*t * 1*4 In ^ p* Ini 11**1 iifral+mffa 

r4 fj| 4 f Iipni Ilf#' *v- 3 HJ»iirP 41 ffttSrr 54 P 4 * 4 ufp' nf I finif'l 

^ll r y - -III v frn|P* fa 

4}?** r^!n#4fp,'$i pA ,i? <s t"» %L,v|i tlr ^iiiiifiiip i« ,»4vr . iiiai' 

Ifill'r njijy nftr? ti r !a’!4 t Pn* flam fclarAH a;, % fp f !♦<♦ 

Jr4r l|4l|f liifir . firr|i|mp|'> If* rt|ffrfff 

f|VH4l«n^ llil’fl 4 .'iff' t % P f«(|^||*tn fprlMn tt'llll fnll| at fipif**! 

Hniyir-f |»' J an, afpj %i r» tft# u k h 4,? a iini# Iiiti** 

1J|p l«y# J^ifr* 1441*11 l#il|r i|li|n»*C 4$^I 14*1 Jt {« rt$ii|*r| € lj|# 
fmm m mSiirli all «!#r r,*»Sr um liii#» ^ mwr r^p^imrUA %% lim |ni«v?i 
bmn rf llir 14 p -|#if iiiaflpiir tla* pf# rn$pp;if §4 t »#* ^Jal #»4 

if.JH *4 *ilr#4 t | 1 %if%* fr**fli 4 lw»' j4«t# w$f|i ^ hf« fi tip i 

lif»* ^firir fla* pit »fr*4 i?i *p&j4ry*’4, tla’ jijaU^ 

I f| liy «*tt*H*r#a4iifll<p|ltP itir tliii 

iff in nl ipIi f)w? %n*htf attr #i»ii*n Tim %%** AAm rT it^u 

Hfi' jil/l* u 'l^| Hi 'PlSirirlil *■' t#i ilIT*# #4 t!t* f «nifi % ifiy 
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the magnelking c*«i!h Iming clipped over them. and their up|*<r mth 
are bored out to form tint polar men!foftrd. In the l*arhei Hm- 
jk)Ip machine, which in the kiwi tain mi! iff I ho !vj*\ the {»•!*■* prmi 
am hinged chi h horizontal lino at about the middle of the diameter *«f 
the hji aoe occupied !»y t.heurinatuji\ ;»** that the upper jwirt n*m of t!m 
polls pmeen citn las thrown buck, and tin* arinatnru itlVd nut veftmally, 
with the Hittfillrnt rhimro of damage. 

In thfj multipolar dynamo, the Iraring* for the nnuatmo mh mr 
curried, it 1 moat invariably, on pdriUak naing from the k<dpkfe tit 
which this undiming kdd magnet ring m united; arid if m arranged, 
in Home of tlio larger tnzm, to run the enclmmig ring kirk, dear nt 
tha armature, njnm an extemdoit of tint bedplate, the armature ml* 
then lining easily got nt for lnpiisr#. 

The Winding of Continuous Current Armature Coils. Them 
have been two forma of winding of the *mi!i * 4 ' n.fitmteum mimn! 
arniattirea, known r^\mvlxu*\y 44 ling wtndmg, flir armafur*' Ling 
known m tin* ring iinmifim*; and ilrtiiii winding, flw mm>%tntr Ling 
known m the drum armature, Tin* two krnm #4 umufnre amt the 
two windings ant taken from the two eirlv imirlmwv, the Liamne 
nnd thi! Kieitiem The ring armature haa j»m* imally dud **nt, ft 1 
count ruction vtm m follow?*, In the very early medium a ring 
of iron wire warn formed by winding purest eharmd ntfe nt* 11 
former, the ring forming 11 hollow cylinder, wlirh wm wtapj**! with 
calico, Cnltniierovered ropjier war** wan then wound irm^ver^dy 
neroHS the out auk nnd through the tirade of tin* ring, lie* wk 4 e Lung 
held on 11 wooden huh driven into the ^pnre left *mmk the rnppw 
wiren on lint imudo of the ring, the mimtuiafor, who h w w built up 
wry much *w in flu* modem dynamo, though nut ;t> well tmnkte?b 
win? juddered to the end s of f hr wuc*, iiml f lie aule of the urn hum 
nlipjied through a hole and keyway ill the Wf##|en huh# and through 
the centre of tliu mmlufmg ring’s of the commutator, fir wle*k koiig 
tightened up by 11 couple of iron nut* pr* * ang ngam^t ilr riel * 4 ' the 
commutator, file hark end of the armature lull huffing agamd 11 
tliinge provided for it on the mh\ loiter, the ifwti w$m ring gate 
jdiutt f#t 11 ring hidlt tip of thin mm jdah-’^ with puf^r Ulmeii m 

it»»uliit 4 *«t liy viimiulu the {ikfr.« tuing iudd on a hr:w# ^pphr witirli 

ww keyed mi t!m driving the wirea Lung wonnil m Mum uwt 
the outride of tin* iron, wlthTt luel Imm tn vnrmn^ wny^ 

ami through flu* apace luff ini tie* mmh h*tvnnm tlie ttpkfcr mtm mni 

tlui raire. Hie drum annul ure eon^tf 4 ed oriiiiinlly of 11 Smig rylindn 
of Iron mm wound very nntrli in tin* mum iniiitirr m the I Irainifir 
mm% hut from thn^ to four tisiie# m long, and frmii tfw limt the 

3 r wintu were only wound ri}mir ih*t oiimide of the mm *ot*% tlm 
g hmt ifmtlnti*d in a niinikr tmmmt to fliwrwr** vt the IJ rain me 
ng f n»«I teitig held ntt n w*«nl?it lith ilitwn tut# tfm middle. In 
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e drum armature the coils of the copper wires crossed each other, 
th at the commutator end and at the back of the armature, and in 
e early forms there were always two layers of wire. As each coil 
cupied a certain portion of the circumference at opposite ends of a 
ameter, when a certain number of coils had been wound, the arma- 
xe was completely covered, but there were only half the coils on 
.at were required, so a second layer was put on, commencing at the 
>posite side of the armature to that at which the first layer com- 
enced, and a second lot of coils were wound over the first, insulation 
iing placed between the two layers and between the wires, where 
Ley crossed at the back and in front of the armature. It was neces- 
ixy in this form of winding to allow a large space, both at the back 
xd the front, so that the ends of the coils which came out to the 
>mmutator were very much longer than those in the Gramme ring, 
x both the Gramme ring and the early Siemens’ machine successive 
xils were connected together in series, the end of No. 1 coil , being 
zmnected to the commencement of No. 2 , the end of No. 2 to the 
Dmmencement of No. 3 , and so on. In the Siemens’ armature with 
tvo layers, the under layer formed the coils connected to one half of 
xe commutator, while the layer on top formed the coils connected to 
xe opposite half of the commutator. This construction has also 
isappeared. There were frequent troubles with that form of winding 
com the breakdown of the insulation between the wires which crossed 
ach other at the back and front of the armature. Wires between 
?irich a large portion of the total pressure generated by the machines 
xisted were often very close together, and the insulation would 
( *radually break down, sparking between the wires resulting, and coils, 
>r portions of them, burning. In both the early Siemens’ and the 
3 -ramme ring armatures there were also troubles only too frequently, 
irom the breakdown of the insulation between the coils and the iron 
sore, this leading, as will be explained in Chapter VII., to burning out 
>f some of the armature coils. The next step in the drum armature was, 
only one layer was wound, and each alternate coil was connected to 
Tie opposite brush. There were only two sets of brushes to the early 
machines. This arrangement meant that the full pressure generated 
by the machine existed between the adjacent coils, and this, again, in 
the early days of generator construction, led to sparking between 
adjacent coils and to the burning of portions of the armature. 
Modem practice has settled down to one form of armature, the drum, 
to one construction of core, that which has been described, the slotted; 
lout there are two forms of windings, known as the wave and lap wind¬ 
ing, for the arrangement of which the reader is referred to the text¬ 
books specially devoted to the subject. Iu both forms it is arranged 
that a certain number of coils are always delivering a positive current 
to the positive brushes, and certain other coils are at the same time 
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rucftiviu# an ikjuuI mii»*nf lii*<-u T ! i n *Im . 

In all miilmimiH mirivnt mui’hiim fb* * * ( *l *>u ,# L' *nu§ 4t.pT mu <# 

tuuitinumia liHip, an if w<mml front t*m* bitTh *4 mu*, ih* 1 * n4 *4 
tmrtiiht <*ml8 Imin^ nmimrfnl f *vHh«‘i fo bu m f!i* * 44 tun <u . i *»,\ 
ami ilims junctions to m*;,* ttciif *4 !)m * *nmuni,^ » r . 


The Commutator 

Tim « 8 iiiiu*iitatf»r it, piling/ !L^ lie I niij * 1 1 mt m* *.* U>«* <, s*~ 
tiniums cm rent mm him*. If i* MttMiiJy fit** Mm mu, U l)**> 

iritimUmt nimmnt of fi**uLl«^ It \ ;% h^JL \% < Ui?#4* i i hub uu < I •* 

number of, cement > of * n{<|#*i» ' ejumb 4 from * *» h dN % \u j 4 * d 

mica, tin* whole U*iu;f Imbf i by tm; f »4 me mm I *4 I I > n m 

rin^s ujsm a W,\ cmnetl bj the *lmm * J*' <4 th» utu 'Ih<< 

vnppur uru nude from Imp! 4i unit jmje * < I Vu u s *4 

the roj*j8*r h of fltetiyjtied iffij*«itMre In m»* Uk^bitu^ !h« ^ j^p-i 
segments nn* mt t« or 4roj* forge* I, but mu »I» $% ■ ».f tT» im j*nir 4 
enpjHtr* Tiling ii a flitfimlfy in t fitting j uk md LhT I uf il 

Iff fill f&fhflUffige f«* llilVf* flit* munuuutu t * 1,4 III ft*** 1 >H$u Hi to hub flry 
urn to I*e iifteeinbbT in fin* r«iiiiiiiiiiit##r I >m* *<f ?he fliflp nlle* ? m the 
fiiiiniriiilion of a f’ttiiiiiiiiiiifitsv mlSy tie **<**♦ $4 U*** Imuu muhijTLr 

mntshines now in m*% m tin* fMtltid tin* rumtunUtbu t^»»4Eri t§f|wf n 
in built uj#, in tiiirfi a nmiim*r flwl it will mthmn4 flo* fwrtn#* 
Hfraiiw brou»»lit wmmi il ;v> ilm arin-d ntu * To find Ho^ 

Uifiiinilty th« * !* nr<* tt*i*t* i iii |}i#i I*r| in i'«) 

fi#rms, thf i whfii thf >» {'»nrnu >m< h<!». « *.%. }<i,n, 

in*' tin? rlitumrltt in uiii (tnil»* 1114M t»i«« |«ir j 4il!nnhy 

of tin* jirnldi-in i *. fivintf tin* Mi w lm<* i**«i u ( i< hum ( ) 

Htn'iif'lh, uliilo luttint.iininif tin* j**ifVrt inntititiim, „i 5 . in hvs4nsl 
wyniont from it i ni’iyhlutur, ami nf ilw wJi< 4 «» ■,( ?)« m U^tu *!**< atl«» 
or tin* l«**w iii*>u wlni’h tli»-y i»i<* wji |« inni Km< * 
rfngn wi*nM'»uj»!ov«'il for iiwnlatmn, li. l*l m i J*.««in*h », 

cuiJh of fho wj(UM»ntn. Thu w«*4 nny * Jr« <ju*«ntl,\ «M<!, <m4 iJa* #»il 
nimniNt tin* Mj*lil »h**u hnrni' 4 . 0«U*r, vtilrumW hh«* in>S nih aiut*- 
won* ntniiloyrtl, hut thw «J“u w»*n* n<*t t«<i v Vuhamt*- »> 

vory lwhln to wjilit, arnt vuhwu/wl hhn* >h.| m.t %t\%* inw l.arurnl 
stwmgth, in thy form of tin* rmim that muru umiwS Mr tin* )<ur)*«*u. 
Mmtem pm-ticu him lohiptwl tlio *Mh 4 iir»w* kimwii m m». 

Mica in a v«ry p*culiar duMtamo It h»* a my h»*?h m»uUiton 
rwiitenou, iindi it itlwi, whioh » mon* uti{*.rtaiit. 

Utniugh it vary tnuMi l**ft**r than almuat utiy km»n >uMta«t>o Jtui 
it eshrta only in pkto* miwlo nji of vrry thin kinma* Vmi « «n liato 
a mi«a plate m thin or urn thick m, ym hk» t hut if* two «ui.<* «it) 
alwaya ho jauiUot, mA it will rpht ion$ritn>Iifial!y m imuk m ym 
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please. In micanite the mica is reduced to its chips, the chips being 
in the form of very small laminae, and these are made into a sort of 
paste by the aid of one of the insulating varnishes that have been 
introduced during recent years, which withstand moisture and heat, 
and the whole is moulded into the form of rings, formed under 
hydraulic pressure. By this means strong rings have been pro¬ 
duced, having very high insulating qualities, and comparatively great 
mechanical strength, the _ 


result being that one of the 
serious troubles in con¬ 
nection with commutator 
building has been practi¬ 
cally got rid of. Each com¬ 
mutator segment has an arm 
attached to it, standing 
radially out from it, and to 
this arm the ends of the 
coils of the armature form¬ 
ing the junctions mentioned 
above are secured. The arm 
is sometimes cast with the 
commutator segment, but 
Is more frequently secured 
to it by screws and solder. 
The armature wires are 
secured to the commu¬ 
tator arms in the smaller 



machines by soldering, the Fig. 81. —Showing a Commutator built up ready 
v v£k ;-n ff HrmArl «nrl for the Insulating Bings, the Becess for one of 

arms being well tmneci, ana whioh is shown & in Front. The Lugs for the 

the ends ot the Wires being Armature Wires are seen at the Back, 
also well tinned. With 


large machines the wires are held in crutches formed in the commu¬ 
tator arms by screws, and the whole mass is also sweated up together 
with solder. Holding the ends of the pairs of wires firmly connected 
to their proper commutator segment and to each other is another 
of the troublesome problems of dynamo construction. It is referred 
to again in Chapter VII. Fig. 81 shows a commutator built up, 
ready for its insulating rings. 


The Excitation of Continuous Current Machines 

The continuous current machine is self-exciting, or it may be 
excited by the current from another machine, as convenient. As 
explained in Chapter I., all iron that has once been subjected to a 















176 


ELECTRICITY IN MINING 


magnetizing electric current, unless the magnetizing current 
produced magnetism on the unstable portion of the magnet 
curve, retains a small quantity of magnetism, after the magnet 
current has ceased, and this small amount of magnetism is suffh 
to create a small current in the armature coil when the machii 
run. This small current, being passed through the coils of the 
magnets, increases the magnetism created in them slightly, th« 
creased magnetism giving rise to increased current in the amu 
coils, this again increasing the magnetism, and so on, until the 


Armature. 14. 


+ 

E>ccmfNQ 
DvrSAnao 

Fig. 82 .*— Diagram of Connections of Separately Excited Generator with 
Adjustable Rheostat in the Circuit of the Field Coils. + and — 
are the Positions of the Brushes. 

magnetic field is created, and the full pressure is generated, for w! 
the machine is designed. This is the action which takes place, 
practice it occupies only a very short interval of time, and 
existence is only known when from any cause a machine fail 
“ build up/' as it is termed. In large generating stations i 
frequently arranged, even where continuous current machines 
employed, to run a separate generator for the current required 
he field magnets. The connections for this are shown, for a si: 
aachine, in fig. 82. Continuous current generators may, howevci 
T-excited on either the series, shunt, or compound arrangem 
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In series-wound machines the coils of the field magnet are wound 
with thick wire, sufficiently large to take the whole current gene¬ 
rated by the machine. In the case of multipolar machines, it may 
be arranged that the current is split up between the pairs of field 
magnets in parallel, or it may go round the whole of them in series. 
Fig. 83 is a diagram of the connections of a series-wound machine. 
Very few series-wound generators are now made, because the shunt- 
wound and the compound-wound answer all purposes very much 
better. The series-wound machine reflects every change in the 
external resistance of the circuit, in a sense which is against the 
efficient working of the apparatus. Thus, supposing a machine to 
be running at a certain speed, furnishing a certain current, with a 
certain pressure between its terminals. If the resistance of the outer 
circuit through which the current is passing increases, the current 
passing through the whole circuit, including the coils of the field 



Fig. S3.—Diagram of Series-wound Generator. One End of the Field Coils 
is connected to one Brush, usually the Negative, the other Brush and 
the other End of the Field Coils forming the Terminals. 


magnet and the armature, is reduced, and this means that the load 
upon the driving engine, whatever it may be, is also reduced, with 
the result that usually, unless the engine is exceedingly well 
governed, it increases its speed, and a current is produced in the 
outer circuit, that is not required. On the other hand, if the resist¬ 
ance of the outer circuit decreases, the increased current passing 
brings an additional load upon the engine, which tends to slow up. 
The most striking instance of this is the case of one or two arc lamps 
worked by current from a series machine. If the lamps burn long 
arcs, the engine will increase its speed, and if one of them, as 
nearly always happens, goes out, its carbons coming into contact, the 
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engine is pulled up. The scrira-wound g* w Mi«u * d !* f r 

running a number of ares in series, and it i , uiiph^rd in Am* n< a 

for this purpose, but in flu* special hum well hietv, n in d ? * *’ nntj v 

some years ago, of the Brush fired ighf mg mm-hin* 1 fa 

they run as many as 130 lamps fr*»m a ring!* Hie h u#m hm< in ! n ■ * 
sets of 65 lamps each. Knr mining wmk, h«»we\n # if * * nm* h i 
satisfactory, and generally iiim-h mnir rMiiuui* m. *> * f '•»,« n- 

from the service, hy one of tin* unified, that hav** t * * *h"*-nl* d in 

Chapter HI. If any mine manager, limirw, a • m n '» 
machine, and wishes to rim seine hit JattijA fpmi jp B*- * an 
providing that he arranges cutouts t#» hi; lamp, m *,*rH * .* * oof, 
Perhaps the most imjmrtant part of fljr Hindi «■ h,dg n ’ , -V'?oii 
was the arrangement hy wltHi the pie <: nro ior. n4«* * * m »4 
lamp went out, or whenever tins icrtaieo nf ?h»* * tout iivi< 
decreased. The series-woimd generate may # 1 ! »m Be h^Imi sued* 
ing current to drive a noma-wound mofoi nh*te i* 1. # ioo,mi! H 
other reasons; but again, it will !#* I\n more wid-M **ry t** ufc* 
current from the supply service, 

The Shunt-wound Generator. —In tSm 4miit’wmifi<I 
the field magnet coils ara energked hy only a mtiiill j -up n 4,| tfor 

__/VWVWWWV\ 
r reld coil.s 1 



»ia. 84.—Diagram of U»« CoMMctim* t,f tfen <#*■«*«»*», 

+ and - are the Broalwa Th» Rod* trf lb* FM4 CWt* w» 
coanooWsd to the Brawtm. 

current generated by the armature*. Tint masuf-t, wd* »r« 
•wouad with fine wire, to a rmmtmmt »«cb tlmt only a *«*«{! frurimn 

of fee armature current paww* ferwiigh them. and tins «*»**t* «f fee 
field magnet ooils are connected to Urn bnialtu*, whirl* form (hr 
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tormina!* *»f fh»* inaoiinii*, and t«» whirh tI m* rafiFyt front thn outur 

rtnnitf .no nl.Hff nr t»» ti-rtttttrilH un thr murhiut*, 

having load* «^*ititoo| 11154 tb’tn to ftio FnrdinH, Fiy, HI nhm.i tin® 
.trntii^otniiii *4’ tlio ruiijp^:tiuit:4 <»f tho nlmnf ithirhiur, Wlivn no 


i‘!trri‘iif 1* tak«*n by tin* o stomal otmiii, I lit*, only runout jmrwmg 
lltroit^lt llto annul nro uf tho ’dttifiF wmtftd j^onomfor wimti tlm 

ttiiirlfitt*’ in and in fully oxdtod, m flu? Mmill ourront pawwitf 

lltpitt^b ?bo tiold rotl i, 1 I tint tin: iirtoiMttii! liotwnon I ho Frualiou in 


yrtv Hourly oijunl to tho totul 

|U'r s o«tr»’ Fy fit** 4 min¬ 

im «*. It %tll !o u momFoiud 

!li;tf r%* iy riuy.if ujn- ttt ik»o a 
s nj^>n tho jiroMutr do- 
IIVrlrd fo if, f.if IJju i^'fs jyr uf 

4 riirroiif flttoiiyli if, fii»* * luryo 
Itofiry moi*urrd Fy fit** OnnuW 
K * a jr F 11 fin* *‘lury»* 
uj-nm tlio ftir , UK*\ V % > flo* 

miiritf mid It n tin* 

root tmn o. *1 1 tin* ja* 4 i 

tity iitfu fho ont**r nroutt in¬ 
i' Hid flnurfufo lino tSftrft 1 

thp-n/h flio rtiiiuiftiir ,*!•>** in 

* wp I-!?, tho rluiry* iinidu 

tin j^ri mt* f * malt'd Fy fit** 

nrmafmo * *al ; ? imrmnui, and 

1F0 |*fr ’\ntr !rv# rii fSto Fntd§r« 

d» # * mU'to'* d Ft t 14’to 1 tfiu rtir • 
rui! jo/Osm in tho fodd r^ih 

In *|« j rIo,|,’ $\ fIn* fr||o|ii uf |||U 
fitiyiioliu li*dd in uliHf tlm 
arfnatnm rnil?! afu tfpiviiiy to 
mid rndmo* tho jifoiu 
ruffo rfnntrd Fy fjiP 4fUnit lifi- 
ttip, fr4ti*'ii§y fin* jyi»* 

4t flto 4iid 1I1JI fiiitliri 

rufinOju: tin: roiiyfF uf I|mi 
<«ffnsf hi fltu |inJ4 utid 

iu ^friplily 4*'* H*4/*r4 tlnil 



Whco^tat 

It|#4f 4 II« of 4 ff#unrl Hrtno 

r nUtt? HhmmM in llto 

utfniil #4 ilt*f ri*d4 

ni«fii Itw to ft*’ l^t |4 
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flit* fffttrf r||*r ptrmufo tif lliu ftiilidillli* n nho 
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furftrr tFi* wnnUm*^% l«4li prmmrv nwl mrwnt fall, and 
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procure and ik* current. ft will In* midenunoii fliiit ifimr^rd 

current in taken from any machine f*v hoierm^ the n^i^tafici* 
of the external circuit—nay by .switching on a larger linmht ot 
parallel circuits, Hurh ns lumps or motor*. It will l** wen »!•***» 

that the variation of the pressure at fir terminal 1 of the ?4 piii!- 
wmmtl motor in inversely as the re: i dune© of tin aimature cod \ ff 
it, wore possible to build the urmatme of a hunt wound ‘ f »omatu 
with no resistance, the pressure at its terminal would )«' < on tint, 
ami the lower the resistance of tie* arm itum roil >, the - uulh'i r the 


variation of the pressure at ito terminal' lemo' the iliir^e upon 
tho pressure generated in smaller. In all . limit wound 
there in a certain rutile of current * over whieh the vaiiatm in pm me 
in small. Kleetrinil enquirers e\pre*i the tael In a\ m 5 that the 
machine has a tbit rune up to a reifiiu pmiaf. 1 1 * *''•» * h»»;* the 
connections, with a shnnfowound oeiieialoi, for re; mbit dm, th*- Miiinif 
in the field coils hy an adjustable ie< i tattoo, enahlin ’ the <{»*© d t** hr 




Fio, H6, THAKrunt of a 

Tint Etifli ©f llift Hit util tail t* ».f© l*» III© t$ro*li0*, ftfcl 

Etil oi tint Siitw Coil til mm Iff »li» uhuaII? Um 

, «r m lira author prefer* to npioM it, it in Utu #hwnl* 
tuttihinc with a few turn* of aeri** wimiiug on it* fi«kl 
sttRickmt to make iiji tho low* in powwiire due to the chargo 
the roaiflUnce of the armature tor tin* |k* > ay* of the current 
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thn*n>.'li it. ‘Hu- . ri*- < .’nib create ♦•l-.-Int maum-ti mi in tins worn* 

■ a..; the -ihnnt mil *, an.i hi if they were imlep*»il.*utly cM-itin;' 
t }„, utaflinn'. That it t>* -av, tlmy im-reim tie* ‘ti-u^th <>i lint 
ma»n*tif Si-M, 11 a * r* • 1 1 v m-r-M. ins' the j.i.-t.ur,- *;-neniie.l by tin* 
nnn.it nr»* rmK an-i they mu 4 be **f uftt* n-nt. nmui«n tu create 
■ iitlieient ini n>;t i*il su*t*;n< - f i‘in t" J‘*'» i'l** the inhlitienni pe" cue 
rei|iiir**i to male* tit-* .'Sue'-- tm tin* armature mil t. ami iib«> the 

eh'm'M fur }>,*.. 4lc! ihimtch tin- *'Wi 1-Mi!-, th.'in 1, tin- nuimitf 

.<ti«*iual liMlit ?a).**n f'rnm mm hrmih ami tin* <*mi 

u f jh.' arm- «■-•«! i, ;n 4i*.sm in Ft,'- *<*'•. Tint «-hiimet«*ii'»tm mirvi* «*f 
th*. enmpmml wmm4 emitmnmi * current wm*mtur i * a ittnuylii. line 
within tin- Smut'! -T !ii*> marhm<\ 'I’hr mmSiirm, however. nmy In* 
m itiu.-ifi, »f 4- ur.i, ami *4t*«n n. t>* “ <mup.iui4 iip" a > it m 
T h** *n**f . "ii i ;sj< mi'h* a hill** lmi ’* i than i < uho-'-uv 
,. j vr th*. a>l*iiti><iial j.x*•'am** f**r th*- charce math* hv tIt** armature 
,un! h* M cm) * thxiu mt*i tin a povi*let « pm nr» whrnh "iii'htly 

iimrerwi. in ;utv raff, that may !**• 4***ni»*>l, a.* the uim-Ht taken »mm 
th** mu-inn** ium a-m-'. it ii «'»•«! fur .ivlin ntivf a emHnnf pe■ tun* 
vat yin* nirn*iii at uuv fit* *'**J**rf**»I uf 4 *ibfntr^ fr^nt him 
imuhin**. Thun tin- j.r»- -mr<* at th«- jut or at n <iHiibtttitp 

punt m-l.y**, unv 1»* rmntiuit. If iuu*l 1*** umirr t<*<<4. h**wver, licit 
when tin ni l* tun*' in arram'i'l t«* "r..mp«uml nj*" th** j.r*-imt<* at 
jp !* rmm ill, ami at unv punt* f»*tw«*»*i* it > t*-rmmuii uni flu* p*»m 
,,f tnii- tant jir**(t.tr«*, vani-i with th** * uir- nt. hi tint it a *4 

i tin.-nt t**r Fun}** »:♦ tak**n ir»m th** t* rmmal * *<f the mm-him* 
wilh thin ;uran;;emrjit, th** lamju will 1»* Mihjeet t<* a viirviin*. ami 
ictirtum-i «laftk**‘t**tM j>r**'<ur**, .inh'iti mm** p»**v i !i<*n i * iimm!** »** 
imutrahj!*’ flu* j*ri* <*<iir** a. Ih'* * uri'-it? im-i i ii u* >. lim 1 , ii**w * 

i-vrr. ii *”i*<)v ih>im if it n wmiti winlc f**r «.»h«*i i*--i.‘**n'. A i* 
may 1«* mwtt«**l m tin* * ir-mit. w ith an a'lpMahl.* i* > tan* ** whii h n 
fhtMWit in <*r l.-ik*-i» '*m in th** < nrr**nl im r** i-c i *<i faJF* m tl«- mam 
rii.'int, nmt tin* nwiteh may in* w*.rh* 't hv -i '***!**m*i*l wim-oy ••mb an* 
iv,imtml«*«i in tSi*’ mam * ir< nit, * r a branch *4 it licit i aii** i m tin* 


Ham*’ j.r**p*rli**n. ^ . , . 

Brushes *nd Brush Gear and tonnertimw of Armature 
Coils. In tin* tw** {**.)•> ma* him* th«* »li*<i** **f th* * >mm »lion * «r<’ 
very <nmj*h*. Tier*’ »r*’ miiIv lw»< h-i* *4' b»«>h> |*iv**t nf «.|*p*-it-* 

i.mb *4 a ili.unH*'r ui th*< commutator, an*l th>* r>iu**nt i> taSu’M 
.imaitly fmm th*- 1*r»i4i*’i t** th*- Imi-i * **t *.fh*-iw*<- With 

inni<i|***int tn*w liiu*" *. Ii'*w*-Vfi a *iilf*-r* nt roirant* 11**n •• n ,,|,>!,y i | ' 
With funr p.l>* ma*iiin* '*, <mrr<*»t i> ix’tny *S**im*rv4 m tw*< -i"a*t» *n» > 
«*f th'? iirmntimi in the hum** «hr*jcfi**n, ami m th«i *<ti»* r tw«* *| imlraiU > 
ill till* fi|tpl**lh* tiiT*-*-?!* 1 !!, ami it I’l there ime irr.*, 1*1 < -.ll* * t till' 
cun,.i,t :»t fntir p*mi m >t**n4 **f tw* W itii -tp*'}* .l** m * ' ** 'u‘i't 

}n* ruilr* t*-*l a*, ni’. pnnt\ aici with *t;.;ht }>"!*' m *■ l<m* > at *-i f *hi 
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points. In the early multipolar machines the coils that were 
generating current in the same direction at the same time, were, 
connected together by wires carried round between the commutator 
and the front of the armature, and only two sets of brushes were 
employed, these being fixed in the four-pole machines 90° apart. In 
the modern dynamo, however, there are brushes for each point of 
collection, the brushes being either carbon blocks or copper, made 
up as will be described, in either case held in shoes of various forms, 
the shoes being fixed mechanically to spindles parallel with the 
commutator, and held by, but insulated from, usually a massive iron 
ring, supported on the bearing at the armature end, or by brackets 
on the enclosing ring of the field magnets, as shown'in Mate 7a. The 
current from the commutator is delivered to the brushes, from them 
to the spindles which hold them, and these spindles are connected, by 
conductors of sufficient size to eliminate resistance, with this spindles 
of the other brushes which are delivering current in the same direction. 
Practically a multipolar machine consists of a number of machines, 
held together by the enclosing ring, each machine consisting of two 
adjacent magnet cores and their windings, the piece of the enclosing 
magnet cylinder behind them, and the piece of the armature core in 
front of them, and the current generated by each machine is delivered 
to its own set of brushes, and thence to one set of terminals by the 
brushes being connected in parallel. In addition, in many forms of 
continuous current machines now made, there are equalizing con¬ 
ductors, connecting points on the commutator together, at which the 
pressure should be the same at each instant, the idea being to 
equalize the generation of current all round the machine. The current 
from the different brush holders are brought to massive terminals 
fixed on insulating blocks upon any convenient part of the machine. 

Carbon and Copper Brushes.—Carlton brushes, as they are 
termed, though they are blocks of carbon, are employed very much 
more frequently in modern machines than copper brushes. The 
name arises from the fact that the early arrangement for collecting 
the current from the commutator was a brush, made of a number of 
copper wires soldered together at one end, and held so that the loose 
ends bore upon the commutator. Copper brushes are still employed, 
and are very much preferred by some engineers, but the simple 
form described above has been very much departed from. One 
form of copper brush made by the Wirt Co. consists of leaves of 
thin copper, and of a comparatively high resistance metal, placed 
alternately one above the other, one end of the laminated mass 
resting on the commutator, and the other being soldered together. 
Carbon brushes axe of various forms and various sections. A 
favourite form is, a block having a rectangular section where it meets 
the commutator, and a wedge-shaped section to fit into a slide on 
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the end of a substantial brass plate. Carbon brushes are sometimes 
coppered, and are sometimes used without. Where carbon brushes 
are employed, a very much larger surface in contact with the 
commutator must be employed, the density of current taken by any 
carbon brush not exceeding 40 amperes per square inch, while with 
copper brushes the density may be as large as 200 amperes per 
square inch. The undoubtedly better behaviour of carbon brushes 
over the ordinary copper brush, is the source of some controversy 
among electrical engineers. The office of the brush in a continuous 
current machine is twofold. It has to collect the current generated 
in a half, quarter, or other portion of the armature coils, and pass 
it on to the outer circuit. It also has to accept the reversal of the 
current in the coil which is passing under it. Taking any section of 
the armature whose coils are passing up towards the brush, all the 
coils are generating current, which is being poured through the coils 
in front, to that which is under the brush, and thence to the outer 
circuit. When an individual coil arrives at the brush, it first acts 
as the connection between the coils behind it and the brush, the 
current passing from it to its section of the commutator, and then it 
is itself short-circuited for a very minute interval, while it is passing 
under the brush. Then the current passing in it is reversed, and 
the next instant the connection between it and the brush is broken, 
and it is at this instant that sparking occurs. While the coil is 
short-circuited, during the period that the adjacent segments of the 
commutator to which it is connected are passing under the brush, a 
very heavy current is induced in the coil, and it is this current whiclx 
is broken, and which causes the sparking when the coil passes from 
under the brush. One effect appears to be undoubted, carbon brushes 
wear the surface of the commutator less than copper, they create 
less friction, carbon itself in its best forms having a considerable 
lubricating value. In addition, the spark which is formed converts 
the carbon into vapour, which is carried off by the revolution of the 
armature, and does less harm in that way than the equivalent action 
in the case of the copper brush. Similar difference of opinion exists 
also as to the advisability of coppering carbon brushes. The' copper 
coating reduces the resistance of the carbon, this being an advantage 
in some respects, and not in others. If, however, the copper coating 
is not carefully put on, loose laminae of copper are apt to be left in 
the neighbourhood of the brush, and to give trouble. It is thought 
that the higher resistance of the carbon brush accounts for the 
lessened sparking when carbon brushes are employed; but in the 
author's opinion this explanation is hardly tenable, since the number 
of carbon brushes must be increased until the resistance of contact 
and of brush is the same as with copper brushes. 

There are various forms of brush holders, the majority, where 
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carbon hrunhoM aiv f*fiip!oyrd ( Erin? an an *rd 0< kr«-p th** raiLm bErk 
{soaring radially on f ho mirfan* of the nosomnt'if »or With rt>pp*-$ 

tlto umr« favourite! arrangement in on** wftkli lioJ»L th** brurii fan 
geniiftl In itii* Hnrfimi. In the lal»-1 knui of bntdi ho]d*r t, arrange- 
mentH are made fur throwing un in*livi*!n:il kti'<li Ke l, * !*nr *4 !,)*<» 
cntfUiniUtor, an flint it ran he trimmed %% iflumt dammi * and in fin* 
grant majority alan, arruneemenf ■;are mad** fEy repulsing fin* pji 
with which the bindi tnim upon tin* eumnmt 4 >»r, w kb* the turn'lnne 
in running. i hie form of lntsi*ii holder, with a 1 ;trM?i Ertt-k n rie*wn 
in Fig. Hi. Sparking nf tin* Em h* i 111 all modern maehmr't in \riy 
small indeed under all rotnitf ion % unk^ fh»«ia air ~,rry Luw*krnee*, 
of load, and avail then with a*mr h*rm< *4 turn kina f b** ^1E11#/ r* 



ftrn H7*«~ tliif! Farm *4 i!fii*ti ff*4*W ttriiii ttotarti ttrwti* ww4<* !#?• 

Httfiioni. Tilt! t 4 If*# C*?tari« mul lit* |f»l §e 4*4 |l#f4*1*1*114 

Hie f # rmtsr« *?« ilifiwii v*ry rHurly 

«till ?«§ry mtmll. Tfiti nwtilt in ilim itwittl? t*» %\m mpmmmmtt in 
ill© gtmemt miii#t ruction of flysuttiro iinicl#iiiis# f nitd m upptimhl® In 
fttitmtor* and motor*, Tim for Mu* nfttnilr*! !i»iti*iinl »f 

i§mrMti§f 1 m well known, ^ Tlnf mm in the fm*t plk<*, t|»t tit 
eiiiltt ahull bn divided up m» ftitidti m ftaiMibiii, m» that twrti 
individual mil tiaa only n vmj (mm turn*, and tftnrnfare iin m4f- 
induction is very itatll ; mil Mmondly f that flit? W«l mmtml by th* 
M4 iiiifiiti Mimll bn alway* able Up nvnrtmwnr lliil ntwtnrf by flit 
itrtiialitft. md prtiailirlf it Um mint m «ii»iiiiiit«ti*iii # It, 
pAsp, bt tx|iiiiiniiil that aniM w tli« tmmhh fmm «prlitig it itm 
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|4* tin* l**p i flail tlr iMirr?*ni j •rulin': m flu* ;um.ittuv mih vrmim its 
*m ii in JirM, ;iii»i ilut flat* j**«m) fauf fi *44 in % lur}i ihi* unualuri* 

t'uiH rmi h **r Irvi in rufrrjtnrr 

Continuous Current Machines with Commutating' or 

Auxiliary Foies, Iu ,* 44 if t*»u t*» flu* in run itrur 

turn f In if }i 4 l‘r lll*‘llf iofinl, II hit** 4 «*\< 4 f J|iftnii !n»n luu 4 ** # 

jtftitf'ljalh fur il v mills, Iii»4<t*Sr # hit! ;i\ Hi ;tgi)tlir*fchh» to rout IliWHIM 
mrr<*iil :^-!iriMfnr *, mhrh ‘fill ftirflirr ir 4 trr t thr -jutikiii]# jtf flu* 

hrn hi- .. Tim 411HU.ritrUt nsfrlMl I ill fhr 4 mI 1 ilf auxiliary 

rirrtro u# i urt.t liv ’4 fit** jfyujn»f ti**l*t jukI nf fin* 

j<oiuf < nf # i*ii4innf.;iUt*ii, Tlr m rIt4*f.ru nan’iii’f * roun* into urtioti fit 

flit* JimlirM wh>Ji th** - » 4 f JliTrijuj* ttliirti h;i * Ur I* to 1*1 

talkim 31 jTrr in fir .iniiiifnrr mil tunUr fir hru 4 t, mitt urn 

;iri;il 4 ||rif Im i ;i j .* * - j mi*' in tfr rmt tifpUr rtiiiiiiiiilnf i«m # njijumifr 

U* f ;iii4 riqti il to ih U t mt* 4 !»* flu* ! rlf inTit'lGt* of tlin mil in fIni 
nriillinrv IrM M tlr inrlmnx f hi* < iv4tinnn |ho rtin mi flint m 

hf* 4 m mlrn fir r.njiiniif "il#tr jarn^ ft nut niirti*r fir hrtwli, 

U* U*ty l 5 #,iSI JH^}^urt#U ||4 


The Alternating Current Generator 

Th*" i}< tS |«-i-•*»■*•** intittj,? * urn'iit h 

hii4 mill mi! nr* » nririii *** in, in fir iiltrnmlmif riiimii 

trir raGf fir #tfr uU i »%«<4 f«i Ir f|«»itvrrt*4 into tfin ntifrf 

mmuI. *<%■%* \ly s: i!r* m** ^nrrJitril, In tlin runfmtjMtr nirrrnf 
iwirliiir *' ,i'< I* * "il *uifrnii in ti|4*n*ufr 4ucriiitn^ nf. *lif’frrHit 

$4 ll#r tlr «nsiruf.n i»rini^ nrrm**w\ nil in t*wn 

f|ir*^*f|u|i hv thr r^mUiUUit*it iifi 4 lit** hr$I’ 4 ir'« fit flit? fiifrriPiti##t4 

riiifriii 11 ^ < n th** ntily 

ini th’lm'nn';* fin* K WP III If *414 tin* 4iTi4-4tfifr uf tlr iiJtPfiiatfir til fltr 

«*i|!ri t it* 441 mh'n-’UtHt * 4 , ihn fifiintwr r*ti4h*'U him^ tiutfji 

m r «41 *t f t r.4rur4 *4i llr fln , uir: 4%l*% hut iii-iiiEtlril finsti if Hint 
IfMiti r«i# h >>*h* t %fth h? tr 4 r.H h* r m in^f ti|#»*ii I hr r*tlhTi« f 

#ttnt t a\'fUy th** *'tptfr%dn Imiii firm, jmf i*;i th**y urn ifnirMfril, 

Uirf^ n inH’rf ;nir fir hm**h nr rwlirrfiitif pbiU* Hint 

llr r«flli»r 1 ! f^rt f#f irrnlrnC tit hf ft$« # linn hum 

**ni >4 *«»4 th*4*4^r»» llrf** r- 4 t'nnt}4H** mlriHir*' *4 flit* 

mlr h r ^mh n fatd&mhh* »n4 t4tnfi ft»mhh*mmw fViitiirn lit 
r<iiiiiw! r4i n**th llr ^iiififpiini^ «urrmt mmh%nn\ Thrr** nr** Imu 
fpntPi' *4 fiifiiftil thmtyh m tnntiii nnwlnrn 

m tt-nlin^ 4»m n t^f nii« l^nti. In *m* imm t whirh r* {rtimj#« 
lilt? »44#»t 411 * 11 ^ 1 * 114^111 *4 ’ill, tin* niiintiiiv vmh nr** rnni**4 f»*rtirTlIr 
»#n Uni wl pm i 4 % 4 i^», 4 f >4 4 ln s % f**t^t%*f* t%fn rfm% , it -4 #4 fn*S 4 

m r* Hml |4In tlir E#«ti r4 nm4nw* 
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Ili<* mil« aw wound Hopumtoly, and usually «d a mrptr or wodgi* 
shaja*, tho rondurlora In in*/ in fin* lar: r or i t *" 1 of *! 1 1|» # a * ^j»|»with \ 
strip of insulating matorial hotwvni, tin* rmN mh» n wmind Nmi f 

nutsumly fixod to a *lio«* of iumkitiiu' numnah who It in h '* inm 
is Boctnvly Isold on a stool di o oan io l by tho rov*dGn * uxl* . 1 ho 

connoofioiiH of tho udjaront om! of tin* anna*mo *4* ?br Jyj*' an* 
arranged in tin* tovurso diroot ion. tho us on Nairn tho hold ma 'not 
| Kilos an* arntugod round tho marhiiio in pais r and th it truth and 
.smith pul altornato with oaoh ollum al o is^i I li J«*h * in * mo * rm in 
uf fudd mnynofn faro smith p..ln« in tho npp m?o t imuu, and v» . u T 
Kni’.h douhlo pair of jwdom fw*» **\\ on** ofmvu slid fm<mi tli* *4h* r, 
form prar.f ioally a iJiaoldno, or a i h» a*d ma up-iN * ims.f, lio lino** M f 
town pissingfrom tin* iirnlls p*»!oof *»no fotho >*a? h j«d* of tlo mhm, 
through thn yoko. ommoot mg tho polo 1 , mi |ha?, u-mtt to tho ismffi 
poNoii tihnt rrown, m-no’i tli«* pn »* m whirl* tho ait mbsm ip iGum 
to tho south polo of tho fitm no an and thimigh tho y<k* n» !fu 
north p»h* iigniu. TIm* diro* timt of tho Stir* <*f for* ?* i f mill ho 
soon* is rovor. od at oarli paired pd» a I *munioii« in \ it aiu indivoiual 
pair, with mio of tho noifli polo * of I !u rrown, ; ay ms tho 1* l* m t)*o 
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The pressures, would he In opposite directions with regard to the 
conductors themselves, hut would he in one direction with regard 
to the whole of the winding of the. armature and the outer circuit. 
The crowns of field magnets in this form of machine are held in two 
castings standing vertically upon a bedplate, and so arranged that 
the armature axle, passes through the centre, the bedplate also 
carrying the pedestals for the, hearings of the axle. On the axle 
also between one hearing and the armature are the collector rings 
mentioned, the collector brushes being held by fixed brackets secured 
to the rings upon which the field magnets are fixed. The exciter 
dynamo is often carried in this type of machine, as in others, on a 
casting forming a pari of the bedplate of the main machine, the 
field magnets of the excitor machine, which is nearly always bi-polar, 
lasing secured to the casting, and the axle of the armature of the 
excitor miming in a small bearing carried by a projection of the 
casting upon which the excitor itself is fixed, the other end of 
the excitor axle being connected mechanically to the end of the 
axle of the alternator. This arrangement is very convenient in many 
respects, and is very compact. It lends itself to regulation of the 
pressure of the alternator, localise if the speed of the alternator is 
increased, the speed of the excitor is also increased, and with it, 
unless the current is reduced at the rheostat, as will bo explained, 
th«* strength of the exciting current of the field magnets. 

In another form of alternator which ■was made by several firms 
at one time, and which the Westinghouse Go. have adhered to for 
some of their machines, the armature is very similar to the armature 
of a continuous current machine. It consists of thin iron plates, 
insulated from each other, with slots cut in their periphery, built up 
into a drum, the slots forming longitudinal grooves, in which the 
coils are laid. The winding of the coils is almost identical with 
that of the winding of a continuous currant armature, hut there are 
no breaks or junctions in the wire, and no commutator. The collecting 
rings lire carried on the axle as in the disc machine, the copper 
brushes bearing on them being carried by the fixed part of the 
machine, usually the bearings in this case; but the rings are not 
connected to the two ends of the armature coils as in the disc 
machine, they are connected to two points in the closed winding 
180® apart, that is to say, at opposite ends of a diameter of the 
armature. In this type of machine, also, the arrangement of the field 
magnets is very similar to that of the multipolar continuous current 
dynamo. There is the same enclosing cylindrical cylinder of iron or 
mild steel, with the same magnet cores projecting radially inwards, 
find with the exciting field coils held on the magnet cores. The 
field magnet poles are arranged around the cylinder alternately north 
and south, so that each pair of poles, with the portion of the armature 
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between them and the portion of the containing cylindrical yoke, 
may be looked upon as a complete machine, or a closed magnetic 
circuit. As the armature revolves, the conductors pass across the lines 
of force, which, as in the disc machine, alternately stretch from the 
magnet pole to the armature core, and from the armature core to the 
magnet pole, the pressures and currents created being opposite as each 
coil passes in front of each pole; but the arrangement of the wind¬ 
ing, the arrangement of the coils on the drum, and the arrangement 
for collecting the current, perform the same office in this form of 
alternator as reversing the connections of the individual coil does 
in the disc armature. The pressures generated in the individual 
coils are added together and delivered to the collector rings. The 
enclosing field magnet ring is carried on a bedplate, which also 
carries the pedestals for the bearings of the armature axle, and in 
some machines of this type the excitor dynamo is also carried on an 
extension of the bedplate, its axle being connected mechanically to 
the axle of the alternator; but with the Westinghouse machines the 
arrangement usually is, the excitor is fixed on the floor in the 
immediate neighbourhood of the alternator, and is driven by ropes 
from a pulley at one end of the alternator axle. 

In another form of alternator the field magnets are arranged to 
revolve, the armature being stationary, and this form is gradually 
acquiring favour, as it presents many advantages. There are no 
collecting rings, for instance, the current being taken from fixed 
terminals on the frame of the machine, to which the ends of the 
armature wires are brought. In this form of machine the main 
lines of construction are very similar to that of the multipolar 
continuous current machine, in many respects. There is the same 
enclosing cylinder, or ring of iron or steel, fixed on its bedplate, the 
bedplate carrying the pedestals for the bearings of the axle of the 
machine, as before. On the inner side of the enclosing ring, and 
cast into the ring in some forms of machine, securely held to it in 
all forms, are thin discs of iron, having slots cut on their inner edges, 
the slots forming, when the discs are built into the ring, longitudinal 
channels in which the wires are placed. The armature coils are made 
on formers, very much in the same manner as described for the 
armature coils of continuous current machines, their cotton coverings 
are dried in a vacuum oven, are then steeped in insulating varnish, 
dried, wrapped with tapes dried, and fixed in their positions in the 
slots in the armature cores, these having been previously carefully 
insulated by troughs of mica, micanite, presspahn, or other suitable 
material. The field magnet cores are secured to an iron ring or a 
flywheel held on the driving axle, the exciting coils being slipped 
over the cores, the coils having been prepared and insulated in a 
similar manner to that described with continuous current machines, 
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and being held in place by the pole pieces, which are bolted to the 
field magnet cores, or the whole thing, or its pole piece with the field 
coil slipped over the core, may be bolted to a projection on the 
revolving disc. The poles of the field magnet, as before, are arranged 
north, south, north, south, all the way round, and the operation of 
the machine is identically the same as those previously described, 
the field magnet cores bringing the lines of force to the armature 
coils, and sweeping them across the coils in place of the coils being 
swept across the lines of force. The excitor dynamo in this form 
of machine is usually carried on an extension of the frame of the 
machine, either of the bedplate or the pedestal carrying one of 
the bearings for the axle, the axle of the excitor being mechanically 
connected to the axle of the revolving field magnets of the alternator, 
as described in connection with other machines. Plates 8a, b, and c 
show a revolving field alternator for connecting to a steam turbine. 


Single, Two, and Three Phase Alternators 

The alternators that have been described all generate one current, 
rising, falling, and reversing, as explained, and are known as single¬ 
phase alternators. But single-phase alternating motors, not yet 
having reached the state required for mining work, single-phase 
alternating currents have not been used, and are not yet suitable 
for mining work. Two-phase and three-phase, principally the latter, 
forms are employed. In the two-phase alternating current generator, 
as explained in Chapter I., there are two distinct alternating currents 
generated in the same machine, at one operation, by the revolution 
of one armature, or set of field magnets, the currents succeeding each 
other by a quarter of an alternating current period. In the disc 
machine the two sets of currents require two sets of coils, which 
must be spaced on the disc so that they succeed each other by the 
interval named, the second set of coils just entering the fields when 
the first set are at the point of maximum strength. With three- 
phase currents in the disc machine there must be three sets of coils 
spaced so that their pressures and currents follow each other by 
one-third of a period, the second set just entering the fields when 
the first set has passed through the point of maximum strength of 
field, and has reached one-third of the distance towards the point 
where the field is nil, the third set following the second set at the 
same distance as the second set follows the first, and so on. 

In the alternator with a drum armature the only addition that 
is necessary for generating two-phase currents is, a second pair of 
collecting rings are fixed on the driving axle, insulated from the 
first pair, and from each other, with a second pair of collecting 
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brushes bearing upon them, the second pair of rings being connected 
to points in the winding also at opposite ends of a diameter, this 
diameter being at right angles to the diameter at which connection 
is made for the first phase. By this arrangement two currents are 

delivered, exactly similar in 


I 



character, hut following each 

other at 1KT interval, or a quarter 
of a period. Thin is shown 
diagrammatically in Fig. H8, 
For generating three - phase 
currents, three collecting rings 
are fixed on the driving axle, 
with brushes hearing on them, 
the rings being commoted to 
three points on the armature 
12(f apart. In the revolving 
field alternator for two-plrnne 
currents there are. two sets of 
coils fixed in the slots in the. 


Fig. 88.—Diagram of Connections* of 
a Two-phane Drum Armature. 1 and 
3 are the Connections for one Phase. 


armature disc, on the inner side 
of the containing cylinder, and 


2 and & for the other. 


for three-phase currents there are 


three sets of coils held in the slots. 


The four ends of the two-phase coils are brought out to four terminals 
fixed on any convenient part of the machine, insulated from each 
other and from the machine, and to these terminals the c onductors 
leading to the outer circuit are connected. For three-phase currents 



there are two methods of connecting, known respectively m <# star *' 
and “ delta ” windings, the latter being sometimes called u mesh ” 
winding. With “ star ” winding one end of each of the three coils 
are connected together, the junction of the three forming what is 
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termed the neutral point, the other end of each of the coils being 
brought out to three terminals, insulated from each other and from 
the machine, fixed at any convenient point, as before, and to these 
terminals the cables for the service are connected. The connections 
of the three-phase system in the drum armature alternator is the 
best example of “ deltaor “ mesh ” connection. The armature 
coils of a three-phase revolving field alternator may, however, he 
connected in this way. Diagrams of the connections, with “ Delta ” 
and “ Star ” arrangement, are shown in Fig. 89. 


The Output and Number of Poles of Single, 
Two, and Three Phase Alternators 

The number of poles required by any alternator is the same, 
whether it be for single, two, three, or more phases, and it depends 
simply upon the periodicity, that is to say, the number of cycles, and 
the speed at which the machine is to run. The number of cycles means 
the number of reversals the machine is required to produce, and is 
obtained for any given machine by taking the number of magnetic 
fields, that is to say, half the number of single poles, and multiplying 
by the number of revolutions per minute. With a periodicity of 50 
per second, which equals 3000 per minute, if a machine is to run at, 
say, 500 revolutions per minute, it must have 6 magnetic fields, or 12 
poles. With a periodicity of only 25 and the same speed, half the 
number of poles would be sufficient. On the other hand, with lower 
speed, say in the case of a large flywheel alternator running at 100 
revolutions per minute with a periodicity of 50 cycles per second, 
there must be 30 magnetic fields, or 60 magnetic poles. And this 
number is required whether the machine is furnishing one, two, 
or three currents. 

The output of a two-phase machine is larger than that of a single¬ 
phase machine, while the output of a three-phase machine is the 
same as that of a two-phase. The proportion between the output of 
any given machine, as single-phase and as two or three phase, is as 
approximately 65 to 100, the single-phase machine only generating 
65 per cent, of the energy generated by the two or three phase 
machine. With the two-phase machine the output is measured by 
the product of the highest virtual or effective pressure, multiplied by 
the highest virtual or effective current obtainable in one phase, from 
the machine at the same moment, the product being multiplied by 2. 
With three-phase machines the output is measured by the product 
of the highest effective current in any phase, multiplied by the 
highest effective pressure when the highest virtual current is passing, 
the product being multiplied by \/Z = T71. There is a difference 
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in the arrangements of the pressures with the star connection 
mesh connection, though it does not affect the total output »»* 
machine. "With star connection the pressure between any 
terminals of the machine is 171 times the pressure between^ 
terminal and the neutral point, the junction of the inner ends • * * 
three sets of coils. In mesh connection the current passiu 
to the outer circuit through either of the cables is 171 tim*- ;< - 
current passing in the coils connected between any two termini*-J s 


The Inductor Alternator 

In this form of machine, which has, so far as the author is it ** 
not been much employed, the whole of the conductors are stati* > *-’• 
and the changes in the number of lines of force passing throuy I - 
armature coils is brought about by changes in the magnetic cirr* * * 
the machine. It was explained in Chapter I. that the numJ 1 
lines of force passing through any magnetic field, and, in parti* » i 
passing across the small gap allowed for the moving coil. 1 * *' 
generator, depends directly upon the exciting force measured 
product of the current in amperes, multiplied by the number of r »i 
the current made round the field magnet cores, and inversely <■*** 
resistance or reluctance of the magnetic circuit in which th* 
space, or the space left for the armature coils, forms a piart. If* 
disc, the drum, and the revolving field type of alternators, the r» 3 
tance of the magnetic field is changed by varying the position «*f 
armature core and the field magnet cores with reference to **■ 
individual coil, this leading to a change in the number of lii*** * 
force passing through each coil, and to the creation of an elw* r 
pressure in consequence. In the inductor alternator the chain r*” 
the magnetic reluctance is produced by motion of a portion r*f 
iron forming the magnetic circuit itself. In the inductor alter**- 
the armature coils are fixed, and the exciting coils are also f* s 
both being held usually in positions on the inner side of an enelw* 
iron or steel ring, similar to that employed in the multipolar *• 
tinuous current generator, and the other alternators that have I* 
described. The position of the exciting coils of any magnetic ct*’ 
is immaterial within certain limits. They may be placed in * 
convenient position, providing that they create the necessary lirif* < 
force in the direction required for the operation of the 
The armature coils must be in such a position that any chf*ti 
created in the number of lines of force passing through the field *#* 
take place in them; that is to say, the full changes in the mt*» 
of lines of force must take place in the portion of the tmmm* 
circuit occupied by each individual armature cod. In the indU** 
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machine there are a number of magnetic poles, north, south, north, 
south, arranged around the enclosing ring, just as in the other 
machines; and it may also bo split up into a number of magnetic 
circuits, each consisting of the portion of the outer containing ring 
carrying a north and a south pole, -with the connecting yoke, and a 
portion of the iron armature, as it is practically, carried by the 
revolving member. The revolving portion of the apparatus consists 
of the axle and an iron wheel with iron projections, and as the axle 
revolves, the iron proj eetions approach the poles formed on the inner 
side of the enclosing ring, very much as the field magnet cores of the 
revolving type do, the approach of the cores to the poles reducing the 
magnetic resistance, and their recession increasing its resistance, 
the result being an increase of lines of force and an increase of 
pressure as the projecting iron comes up to the field magnet pole, and 
a decrease of lines of force and a decrease of pressure as it recedes. 
The necessary reversal of connections required to make the pressure, 
delivered to the outer circuit all in the same direction, is arranged by 
having two sets of armature coils and two sots of polo pieces, but 
with only one set of revolving projections. 


Secondary Batteries or Accumulators 

Secondary batteries have not yet been much employed in. mines, 
hut where they can he, they form another source of economy under 
certain conditions. The secondary battery or accumulator is also 
known m a storage battery, from the fact that electricity is poured 
into it from a dynamo, and that afterwards electricity can bo taken 
from it for a certain period. There are two forms of secondary 
battery on the market, though one of them has hardly attained 
commercial success as yet, viz. the lead lead-oxide battery, and the 
iron nickel battery that has been worked out by Mr. Edison. ^ In 
every secondary battery there are practically three distinct portions, 
the electrodes or carriers, the active material, and the liquid or 
electrolyte. In the load lead-oxide battery the electrodes are grids 
of lead. In some of the later forms a lead antimony alloy is 
employed to give greater stiffness to the grid, and therefore to allow 
of its being made lighter. The grids are arranged in various forms, 
hut all designed to have cavities formed in them for the active 
material, of such a nature that in the courso of charge and discharge, 
during which considerable expansion and contraction of tho active 
material takes place, the tendency, which is only too common, of tho 
active material to chip off, shall bo reduced to the lowest possible 
limits. In the lead lead-oxide battery tho active material consists of 
two oxides of lead ; a low oxide is placed on the negative plate, and a 
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higher oxide on the positive plate. In some forms the, active 
material of the positive plate is formed by electro-chemical action, 
out of the mass of the plate itself, by what is known as the Haute 
method. The grids with their active material are suspended ver¬ 
tically in glass or lead-lined wooden vessels in dilute sulphuric acid. 
The current from a continuous-current dynamo is brought to the 
positive plate, it passes through the liquid to the negative plate, and 
thence back to the dynamo. In its passage it oxidizes the higher 
oxide upon the positive plate, raising it to a yet higher oxide, it 
decomposes a portion of the dilute sulphuric acid, the oxygen passing 
to the positive plate, and forming the source from which the positive 
active material is oxidized; and it reduces the lower oxide u]h»ii flu* 
negative plate to the form of lead, in a spongy condition, the hydrogen 
from the decomposition of the dilute sulphuric acid combining with 
the oxygen liberated from the negative active material to form water. 
It may be said, in fact, that the operation of charging a secondary 
battery consists in the transference of a certain quantity of oxygen 
from the negative active material to the positive active? material* 
The higher oxide of lead formed on the positive, and the spongy lead 
formed on the negative plate, in the presence of the solution of 
sulphuric acid, which has become considerably stronger during the 
process of charging, forms the most powerful galvanic couple that m 
known. The electrical pressure between its two plates when iirat 
charged, and when the gas which is present and winch has not been 
absorbed by the active materials has passed off, is two volts. When 
the secondary battery discharges, the reverse operations take place; 
oxygen is transferred from the? active material of the positive plain 
via the solution of sulphuric acid, to the active material of the 
negative plate. The active material on the positive plate m minced 
to the oxide from which it was formed by the charging current, the 
active material on the negative plate is re-oxidized to the form from 
which it was reduced by the charging current, and the liquid electro* 
lyfce recovers the water that was taken from it by the charging 
current, the strength of the solution again decreasing. 

In the Edison secondary battery the electrodes or carrier plates 
are thin plates of nickel steel, out of which rectangular B\mm Ituvti 
been punched, and into these spaces perforated boxes, also of nickel 
steel, are forced under hydraulic pressure, so that the hmm and the 
carrier plate form one homogeneous mass. The perforated steel \mxm 
contain a salt of iron in a finely divided state on one plate, anti a 
mixture of a salt of nickel and carbon, both in a finely divided statu, 
on the other plate. The electrolyte is caustic potash. The cell, 
when fully charged, has a pressure between its terminals of only 
1*6 volts. 

Secondary cells are usually made up with a certuhi number of 
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plates in each coll of a certain size, tlic sizes of the cells being 
arranged according to the -work they are intended to perform, and 
their capacity is given as so many ampere hours; that is to say, a 
cell with a certain number of plates, each of a certain size, will furnish 
a current of a certain strength for a certain number of hours. The 
capacity of secondary cells varies with the period of discharge. It is 
greatest for long periods, such as ten hours, and it becomes less as 
the strength of the current taken from the cell increases, and the 
period of discharge decreases. Thus, with a cell listed as having 
a capacity of 150 ampere hours, this will mean usually that it will 
give fifteen amperes for ten hours. 

If the rate of discharge is raised, say, to twenty amperes, the 
total cajtacity will Ixj reduced to 120 ampbre hours, or thereabouts, 
and it will 1 x 5 reduced still further if tho rate of discharge is further 
increased. When a secondary battery is being charged, the gases 
which are formed by the decomposition of the liquid electrolyte, add 
to the back pressure created within the cell, which has to be over¬ 
come by the charging current. With a lead lead-oxide battery, each 
cell when charging has a hack pressure of 2 £ volts, and the charging 
current must have that pressure, and, in addition, a pressure sufficient 
to overcome the resistance of the cell itself, that offered by the 
electrolyte, the plates, and what is known as the contact resistance 
between plates and the electrolyte. The resistance of accumulators 
is usually very small compared with that of primary batteries, and 
the additional pressure required to overcome the resistance of the 
cell is not great, but it must bo provided for. 

From the moment that the charging current ceases to pass through 
tho accumulator, or if the pressure of tho charging current falls below 
that necessary, as described above, the pressure of the cells commences 
to fall. Tho gases which give tho additional half-volt pressure usually 
quickly disperse, or recombine, and the pressure of the cell falls to 2 
volts, or in some cases a little over, 2T say, very quickly. The pressure 
of tho secondary cell also commences to fall, apart from the escape of 
the gases, after the charging current has ceased to pass through it. 
When current is being taken from it, the pressure falls approximately 
in proportion to tho strength of tho current, and in practical work 
no cell should ever be allowed to fall below a pressure of T 8 volts, 
liefore it is recharged. Where cells are not used they should be 
carefully tested and watched, and given an occasional charge to keep 
them up to their full pressure. Leakage takes place with all bat¬ 
teries, both primary and secondary. A connection exists between the 
terminals of adjacent cells, both primary and secondary, by way of 
the moisture which is nearly always present on the outside of the 
cell, and upon the box or shelf on which they rest, and this connec¬ 
tion, though it lias a path of high resistance, allows a leakage current 



196 


ELECTRICITY IN MINING 


to pass, which is always going, and which gradually works the eel 1 b 
down. With secondary batteries it is usual to support the cells upon 
insulators of porcelain, arranged so that the leakage current has to 
pass over the surface of a film of oil, this introducing a very high 
resistance into its path. Secondary batteries also should never bo 
allowed under any circumstances to be fully discharged. The rule 
given above as to not allowing them to go below a pressure of i*8 
provides for this. If they are allowed to go below that, action takes 
place between the lead grid and the active material, resulting in the 
formation of lead sulphate upon the surface of the lead grid, the 
sulphate having a very high resistance, and practically in course of 
time stopping the passage of both charging and discharging current, 
and rendering the cell useless. The sulphate is afterwards formed 
into active material by the charging current, when the cell is put 
right, but it is at the expense of the substance of the plate, the latter 
gradually becoming brittle and breaking up, this being one of this 
great troubles in connection with secondary batteries, where they are 
not properly looked after. 

Accumulators are employed, in generating stations, to assist the 
generators at times of heavy load, the accumulators taking up the 
surplus power during times of light load, just as the thermal store 
does with the Bateau turbine. In order to charge them, however, 
from the regular supply service, the pressure has to lie raised for the 
purpose by a “ Booster/' as described below. They can only he used, 
at present, with continuous currents. 


Boosters 

The booster is an apparatus, as its name will prokibly make 
known, that has been introduced from America. It is a motor 
generator, and its office is to “ boost,” or to increase, and in certain 
cases to decrease, the pressure delivered by the generators at any iiart 
of the distribution cables. It is also employed for providing the 
necessary increase of pressure for charging accumulators from the 
ordinary generators employed in the generating station. Where 
accumulators are employed to assist the ordinary supply service, 
they must furnish current at the same pressure as that furnished by 
the generators, and it is evident that they cannot he charged with a 
pressure of something above 2§ volts per cell from the "generators 
direct, and give the generator pressure when called upon. The 
booster overcomes the difficulty. In this case It consists of two 
machines, or it may consist of one machine with two windings on its 
armature, and two commutators. Where it consists of two machines 
one machine receives current as a motor from the supply servioo. 
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driving the other machine as a generator, and the second machine 
generates current at sufficient pressure to charge the accumulators, 
the pressure of the current generated being regulated by the current 
in the held magnet coils. Where a single machine with two wires 
on its armature is employed, the field magnets and one winding of 
the armature receive current from the generators, the other winding 
furnishing current at the pressure required for charging the accumu¬ 
lators. Where the accumulator is employed to assist the generators 
in taking what is called the “peak of the load,” the portion of the 
load, where it exists, which only comes ou at a certain portion of the 
day, and only for a short time, and is over and above the ordinary 
load of the station, the accumulators are sometimes allowed to 
discharge through the booster into the supply service, the booster in 
this ease reducing the accumulator pressure to that of the supply 
service, the accumulator current only being employed for a short 
period. During recent years there has been a development of this, 
known as the “reversible” booster, which is always connected to 
the accumulators, and to tho generator service. With this arrange¬ 
ment the generators and the engines driving them are made of less 
power than would otherwise be necessary, and are always furnishing 
current right up to their full output. Whenever there is a margin 
between the current taken by the supply service and that furnished 
by the generators, it is taken up by the accumulator through the 
liooster; and whenever the demand of tho supply service is more than 
that able to bo furnished by the generators, the difference is made up 
by the accumulators again through the booster. I 11 practice the 
reversible booster is constantly either transmitting current to the 
accumulator, or from the accumulator to the supply service, and 
the arrangement has resulted in a large increase in the efficiency of 
the accumulator. In ordinary work the efficiency of the accumulator 
cannot lie taken at more than 70 per cent., more frequently it is less, 
as it must not be discharged below a pressure of 18 per cell. The 
efficiency of the booster cannot be taken at more than 80 per cent., 
so that tho combined efficiency will not exceed 55 to 60 per 
cent. It is claimed that with some forms of reversible booster, 
efficiencies as high as 80 per cent., inclusive of accumulator and 
booster, have lmen obtained, this being due, in the author’s opinion, 
to the fact that the pressure of tho gases generated in the course of 
charging tho accumulator is made use of to a certain extent, instead 
of being lost in the ordinary arrangement for charging accumulators. 
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Motor Generators 

The motor generator lias been referred to in Chapter HI., and in 
connection with boosters. As explained, it consists of Uvo machines, 
one of which receives current as a motor, and the other generates 
current. The two machines may be continuous-current machines, or 
one may be arranged for alternating current, while the other in 
arranged for continuous current. The two machines are always 
arranged to deal with the same quantity of energy, and the office of 
the combined machine is to convert the electrical energy, say, of 11 
power service from one form to another. In the simplest form there 
are two identically similar continuous-current generators, usually of 
the two-pole type, though with the development of dynamo con¬ 
struction four-pole machines are becoming common, even for small 
sizes. They are mounted on one bedplate, and may be complete in 
themselves, each being capable of removal, or the bedplate may form 
part of the combined machine, the two seta of field magnets being 
secured to it, or even forming part of the same casting. Each machine 
lias its own field magnets, its own armature, its own commutator, and 
its own brushes and terminals. There will be two bearings aimed 
on pedestals fixed to the bedplate at the ends of the combined 
machines, but there is usually no third bearing between them. The 
axles of the two armatures are connected together in tlrn space 
between the two machines, and they revolve together. The two 
machines are wound for different pressures, one being wound tci 
receive current at the pressure of the supply service, from which it 
is to convert, and the other being wound to generate current at the 
pressure desired. The motor may also be series, shunt, or compound 
wound, but is more usually shunt wound, though it may have a mmm 
coil to assist it in starting. The generator may lie also series, shunt, 
or compound wound, but it will be more usually shunt or compound, 
A modification of this arrangement that is made by mmm firms m 
also a modification of the machine described on p. 200 for 11 s# with 
the three-wire distribution system. It is known as the Dynamotor. 
It has one pair of field magnets only, one armature only, but the 
armature has two windings, two commutators, and two mt» of 
brushes. The field magnets are excited by the supply current, ami 
one of the windings on the armature receives current and turns the 
armature in the field created by the field magnets, as a motor, the 
other winding on the armature generating a current at any prawure 
that may be desired. The arrangement, as before, converts 11 con¬ 
tinuous current of any pressure to a continuous current of any niter 
pressure. It should not be employed for pressures which differ to 
any great extent, and it has the disadvantage, as against the motor 



THE GENERATION OF ELECTRICITY 


199 


generator with two distinct machines, that there is an electrical 
connection between the wires, cables, etc., at the two pressures 
through the insulation between the coils of the armature, whereas there 
is no electrical connection between the two in the motor generator 
proper, and there is not much space with a double winding to provide 
insulation, where one of the pressures is comparatively high. On 
the other hand, the arrangement is cheaper in first cost than two 
machines. 

Another arrangement Is, the motor may be arranged to work with 
two or three phase currents, and the generator to create continuous 
current pressures. As before, the machines are of the same output, 
and this enables continuous currents to be supplied at any convenient 
pressure, say, for signals for incandescent lamps or for arcs, from a 
two or three phase power service, no matter what the pressure of the 
power service may be. If the pressure of the power service is high, 
it is a simple matter to transform it down by means of the stationary 
transformers to be described, to a conveniently low pressure, at which 
it can be delivered to the motor. The reverse arrangement may also 
be made, the motor machine may be for continuous current, and the 
generator for alternating, which, again, may be for single, two, or three 
phases, as convenient. A motor generator for transferring three phase 
to continuous currents is shown in Plate 7 b. 

There is yet another arrangement, designed particularly for con¬ 
verting alternating to continuous currents, or continuous currents 
to alternating, known as the “ Rotary Convertor/' The rotary 
convertor, as usually constructed, is a drum-wound alternator. It 
may also he looked upon as a multipolar continuous-current 
dynamo with a drum-wound armature. The armature has the usual 
commutator for continuous currents at one end, and at the other end 
it carries two, three, or four collector rings, with brushes hearing upon 
them, as in the alternating-current machines, the collector rings being 
connected to points 180, 120, or 90 degrees apart on the armature, as 
in the drum-wound alternator, according as single-phase, three-phase, 
or two-phase currents are required. There is one important feature 
in connection with the rotary convertor: the pressures hear a 
certain definite relation to each other, the alternating current pressure 
being always less than the continuous current pressure, the ratios 
being, with single phase, 70*7 per cent., with two phase, 70*7 per cent., 
and with three phase, 61*2 per cent, of the continuous current pressure. 
If a continuous current is delivered to the motor side at 100 volts, 
the single or two phase current generated is 70*7 volts, and the three 
phase 61*2 volts, while a motor pressure of 70*7 two phase, or 61*2 
volts three phase produce 100 volts continuous on the generator side. 
The current is increased or decreased in proportion. Thus with 100 
volts continuous motor pressure, 70*7 volts two-phase currents are 
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induction coil, the coil that is employed for medical use, and for 
X-ray apparatus, and similar arrangements. Its useful property is 
the ability to convert a current of low pressure to one of high pressure, 
or a current of high pressure to one of low pressure. 

In the ordinary induction coil there is a straight iron core con¬ 
sisting of a bundle of iron wires usually slipped inside an ebonite 
tube. Outside the ebonite tube is wound a coil of comparatively 
thick wire. Outside of the thick wire is placed a good thickness 
of insulating material, depending upon the pressure it is desired 
to create, and outside of that a long length of fine wire is wound. 
The thick wire is known as the primary, and the thin wire as the 
secondary. A contact breaker completes the arrangement, and a 
battery is connected to the primary coil through the contact breaker. 
When the current first passes in the primary coil, a current is 
generated in the secondary coil, whose pressure is approximately 
as many times that of the battery furnishing the current as the 
number of turns of the secondary coil are greater than the number of 
turns of the primary coil. When the current passing in the primary 
coil is broken by the action of the contact breaker, another current is 
furnished in the secondary coil of a pressure similar to the first 
current, but in the opposite direction, the first current being in the 
opposite direction to that of the primary current, and the second 
current being in the same direction. 

As in all these matters, it is not necessary that the current shall 
be actually broken for inductive action to take place between the two 
coils,—if the primary coil is connected to a source of electricity, and 
any variation occurs in the strength of the primary coil, it is reflected 
in the secondary coil by the generation of a current either in opposi¬ 
tion to that of the primary coil, or in the same direction, the pressure 
in each case depending upon the arrangement of the magnetic circuit 
of the induction coil, and upon the ratio between the number of turns 
in the primary and in the secondary coils. Hence, it was a natural 
development of the induction coil, though it only occurred to a few 
pioneers, when the alternating current had established itself for the 
delivery of a current at a distance for electric lighting, that the 
induction coil should be utilized for the purpose of delivering currents 
at high pressure, and using them at low pressure. But the induction 
coil, as used in medical and X-ray work, shocking coils, etc., is a very 
inefficient apparatus, for the reason that no attempt has been made 
in it to lower the resistance of the magnetic circuit. lines of force 
issue from the ends of the iron core, and they form closed curves 
passing on both sides through the air between the ends of the core, 
but the length of the air path being so great, the resistance offered to 
the passage of the lines of force is very high indeed. In the practical 
modem transformer this defect is made good. 
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imireii nf \m% Modrrn tiai«iforinri'% an* don and w tin! of full hml 
lint iron Immm and tip* toppur ho nrr rpoal, f)io mm of tip* 14*1 
tritiff only tin* tninili nmnimn^ i I \#<t t »nt »4 thr 

tnfitl j«iwrr 4nli with by flu* trutr furtin r. 
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Transformers for Single, Two, and Three 
Phase Currents 

The construction of transformers for single and two phase currents 
is practically the same. With the core-type transformers there are 
two legs, carrying the coils as described, and the coils are frequently 
arranged so that the transformer can be employed on services for 100 
or 110, and for 200 or 220 volts, the coils on the two legs being con¬ 
nected in parallel for the lower pressure, and in series for the higher 
pressure. For two-phase services, exactly the same construction is 
employed; there are two legs, but each leg is connected to one of the 
phases. With three-phase services there are three legs, each having 
its own coils, and each set of coils being connected to one phase. For 
a larger number of phases there would be more legs in proportion. 
It will be understood that in the construction for the single-phase 
transformer two legs are necessary, because a complete magnetic circuit 
cannot be formed in any other way. With shell transformers the 
arrangement, for single, two, and three phase, is made in various 
ways, but the main lines, as described above, are followed. There is 
practically no difference between the construction of a single and a 
two phase shell transformer, except that there are separate sets of 
coils with two-phase, while there is only one with single-phase; and 
by a simple extension, three-phase have three separate sets of coils. 


Cooling Stationary Transformers 

It was mentioned above that the coils and the iron core both had 
a certain quantity of heat liberated in them, and it is important that 
the heat shall be dissipated as it is formed for two reasons. As was 
explained in Chapter I., all metals increase their resistance with 
increase of temperature, and in a definite proportion to the increase; 
therefore, as the temperature of the copper coils of a transformer 
increases, their resistance also increasing, the current passing through 
them decreases, and according to the formula H = C 2 R, the loss in 
the coils, with a given current, also increases. In the case of the 
heating of the iron another curious result was discovered by Mr. 
Mordev, and confirmed by other observers, some few years since, viz. 
that if the iron cores on transformers are allowed to be raised to a 
certain temperature, what has been termed “ ageing ” takes place. 
The iron increases its magnetic resistance, the output of any given 
transformer being thereby decreased. Both of these troubles are got 
rid of by not allowing the transformers to increase their temperature 
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beyond a certain figure. In the best, modern tramlhruiera the 
increase of tcm]H*ralure does not exceed 45 (*. =a ini' Faltr., and tlii^ 
result is accomplished partly in the const ruction of tin* trandhrmers, 
by allowing plenty of iron and plenty of copper, bv using only 
special brands of iron <*r steel, specially annealed for tin* purpose, and 
only pure copper, and being very particular about the insulation of 
the copjHjr; and partly by arranging to dw.djafc n portion of flu* 
liberated, There are three methods of dissipating the heat liberated 
in a transformer---by air, by oil, and by water, hi this country 
water 1ms not been employed, but if hurt Iren in America. With air* 
cooled transformers, the transformer, com tructed m described, is fixed 
inside an iron case, which in provided on its out dde w if 1$ riln or n»r* 
rogations intended to increase the surface in contact with fit** air, and 
the whole apparatus is fixed eiflnr in some position win re fhrne is a 
natural draught sufficient for the purpose, or a current of air b pa d 
over it by the aid of a fan. The uii-cooled transformer b fixed imddr 
a tank which it filled with oil mhti«e fiisfoj^dnt ti nl*mi! Jbd Faltr., 
the oil performing tin*, double office of dbropftfing and e^nab^inp the 
heat, and scaling up any defer! s in tin* in mlntioii that may nrv*\ In 
America the Allisdlmlmen Fo. com,tract ne«liiinitioiis of the »4b 
cooled transformer, in mine of which the tanks an* lilted with ribs, m 
that the air takes it part in the ending, and in others theio is a coil of 
pipe tutokiHcd in flic tramdbnmT chamU*r, through which water n 
drctilitted, the office of the wafer lining to carry off Iwa! from flm oil, 
the oil in its turn receiving the heat fnm the irawdurmer rniF and 
the Ironwork. If the matter i * worth flic nddifsonul complication. and 
where there is si cold-storage plant on the ground, im j*»*hibly many 
collic-rio* will have before many ymn an! mor, ei*j*cr tally tie we 
having high temmirnlnriM nt great deptlet, e#4d brine at any desired 
Urni|x*mttuv could circulated through a j»ipu mrhnM m tie* 
transformer chain!find any «|U<iiifi!y of heal could U earned off 
thereby. Further* nt those collin iro where comprentcd an b in uro, 
a blunt from a coinpie ard m plant should have a very ceding effort 
upon transformer*. 

Arrangement of Apparatus in the Generating 

Station 

For Uin wwnmnicstl working of any okKiriciw*gijiieratiiig Mbiiinn, 

oertttin amdiliomi imvn to to with, The gMHsratiiijg 

iUm mo usually divided into unit*, and, whom it out to no omugnd, 
eaeb unit with itu JMtu^nories is «3»i»j»Ji«tn in itwslf, Tim* a sunt will 
eoiwist of a generator, with it§ exaitor wh» alternating curwnto »t*» 
employod, ito ilriving eugim*, wtottor tbw to ntmm, g«», oil, or wator, 
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together with :n!lliri»*iit ujijuratni t*» giovnE tlm "«u or ahum migum 
will* '-tiflirinif g.n or ahum f*> 4>» t!m full w»ik tin* unit b iutrwM 
|i» iIim! with, TJttry with .Umara engiim;, mmh generator will have tb 
engine, it* 1 hank *>f Ealera ;i?. 1 1It**i#*1 1 f> to Buj*|*Iy beam tor tin* full 
oiit|mM»r tin* gbirrafui it i roudenarj i with it* rinutkifing ami air 
puiiip*, iH f#*r4 jiiiiiijn, #'la» With gaa engine i tlm emoue will have 
it 4 own ga,i |»rmliteei: and ; j »Ttilihrr f et.*\, whirl* will !«* <4 uflicienl nizr 
to provide gm? fur the full * tut Jtiii of tilt’ generator, Timm un\ of 
cu»«rui% vaiiiitEiii i»f them numwmmitn, Tlm whole ufOlm r«m- 
ileirung of any *4 itioig am!, in later prabieiy of n group 4 4 :4atioun, 
in* tv hi* jrt*rfuniif»l at *mn f**iif}«»n 4ti^ station. The whole of tlm feed* 
water may he dealt w if h in otm net of feed* water l*#nif*^i a mat 
minnusi/mi;'. ami ;hi uii. Half *M dmwa it generating baiioipruti hy 
Pflfoii water wheels Plate in Hhtiwa a geimi a! tfig Blatant dmen hy 
Oerlmlhau.mit gu?' engine;;. Half II blown it complete mirtiun fpiB 
uiigtiw plunk 


The Size of the Units 

Tim d/m of the unit i, nuMiially of rouudemhio iiupoi fanee, and 
if in governed hy two run mFraf join, Tim unit, os a mulfaple of the 
unit, prefeiuhly ilia unit tkmlf, mud he udSbienfly large to deal with 
tlm wimh of‘flu* load liming Inina uf light load, Pjnefindty the 
its tent of tlm light hmi fiir.i the .4/#? of the ntitf, though w tmie there 
tj it vory rounMeruhle dillWeimo he!wren thf light load mat full fond 
it iu wundtum** arranged that f|t$* light loud ft dealt with hy a anntll 
mill, mu! tlm full loud hy turn of inure large* units, Tlm hmtt phitt # 
in flit* author a opinion, b in make ftm btfe of llio utnf that ttttmfi 
will iloal with fho. light lou*f # amt multij*h flm nuti'i fo ttliafovoi 
rxfnif may t»*i roquir*4 to 4mU with flio lull lomh Tin* otlmi rtm 
rMnvMbm n|«m wlimti fhr 4/,** »4 tin*, usiit fJn|*<ip|y h tin* ijim uimi of 
tlm Glmtmmy of fhf* j4aiif m* a wh*th\ ami tlw roil of tho jiliint, 11a* 
<vt/i of \a*ry largf^ iiuif'* %ory murJi h^a j*or hilowaH Ilian of 
Biiiallor iiiiigB Al> s o t largo iinit i m naially iw a*! iTllriunf, tliov 

imik*' a ' inalh i i harg** fur rfiii%int5fig iiirolianmJil lu oh*rfdra{ fuaugy 

than Urn mualEr itiiit'B I!«*t w*mn, hrmpv«T, tin* 4 /,** of thr innt iliit 
will 4»m 1 manful fahlv with f 1i« f wli*4o of t!m light lua*l, asi»S tfi nhnli 
w«ml4 linil with tin* full Joa4, sir a .'uuatlor ii?iitih»u of tmila than 
wuiihl 1m rw|iitnoI wlpui making tin* light turnl tlm imif, tfauu ^ not, 
vary much tltilorHico nflior in fSm rail jmr hilowaff of ihn maoliimuy. 
m in tlm nflhuoimy. In any mi*% tlm la # r-'4 m t a roifain 

irmnlwT of tlm unitM iliTridm! njsr»it am fho igunuatorB mat flnur 

driving in on** hnihling, tlm U4lmn nn4 tli*ni arn*^^u|n-*. ?$$ 

mi adjoining bnihling, tlm total iniwilmr of f!m tmitB l*4ng rniil* mnt lu 
d»vd itltli tha whole of the luad ttia gonoi,itiny ufa'iun ia yv U 
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nwjumid U* supply, plum at leant tur unit m n i< taudd*y agaimt llir 
breakdown of niiy of the others If then a wry i4iiipln 

mutter, im will \m «$xj«laiiuHl in Chapter V„ t<» prupor!ion the 
of unitn in fturviee lo tin* load, and to remme any unit from timim 
that ihowg sigim of failing, mid to replace it by a Kjiiiir unit in a wry 
abort time. There in another quantum that denenea rtmm4n-irtpm s 
in connection with minim* weak, and that i* limi far earh 
individual unit almnld hr worked uj* to ii.o full output. The dif¬ 
ference umiully, Itrtweei! tin* eflirirjiry of mot - 1 woikinp at full had 
and at thmwjuartrr load, in nut great. Tin’ jirmiirr in nvm** gene- 
rating a tat tuna in fo work all mat?? in tin* wrviw «f th*ur full bod* 
hut thin hurt tin* disadvantage that thorn hi m# margin in *a;:e of a 
sudden call. The author would prefer, for miiniu! vouk a! any $ ;it#% 
tlmt unit# should In* worked at m*iwt!ung like three >juaMeta tlpir 
powdhle load, or e\ni lew. An all modern genera** i air rot 41 .ir 1 i 1 .iod 
to work at twenty dive pur mil, overbad La ;m hour, without danger, 
this iiiciiiw that in race of arcirh'iif^, nn h in iinldriimatriy hapj^u 
txmmcmidly,where two or nmm generator* break dm,*r* together fh*re 
i§ ii certain margin in each unit !<» timet the breakdown. if they an? 
wanked under their full \nmmhh land* 
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DISTRIBUTION OF POWER BY ELECTRICITY 

It mm oxpiniiiwl in rhaptor I. flail tha jn#wur in any oloHim rirniit m 

itmaaurad by lint prodwt of flit* two fiiHuri, llw pmimiro mid ilia 
rummt p&ntiu** in ilia Hraiif* with tin* tjtialifimUon, in thn mm* of 
altoruattfi*' ourtvnt#, that ll«i diflbmnra in limn trinwn ilm vummt* 

ninl tlia i#n*«mtfrt whmh amdon it fdtcjttld \m fiikon itomtittl of in tlm 
powor (im tor. It will, I m tm wall to aijikin that thin rttln 

hold# good fur ovory mnm wham powor ontorn. limn, tlm ohmirind 

otmrgy liikan by mi immuhmn*nt lamp, by ini nr« lamp, nr by n motor* 

is ittwimiritd by tlm ppwlitrt of tlm prowmro nt tlm formmatn of tint 
lump or motor whiln fti« rursvnt in pacing, »tttUipli**iI by Urn mirrittit 
jiinmiiig through thn lump or motor at any iioifiitit, Min pmdu *t hung 
lunltijilifttl by tlio jmwor foi'tor whom thn mirront m iiltoriintiiig; and 
ilm olticiriml mmgy may at nil imm \m rnnvortod into ilm i«i{ii$%Tilont, 
iiindimiiml oirnrgy by dividing tfio product by 74tf, tlim trning Ilm 
fittffilrr of watt a jmr ; that in to sty, flto rubi at which 

energy m lining t«*{«cftdo<t in Iiinipi or motor** or cublmi, in nmamimd an 
nUm*. Further, it should Im nmnlioimd that ovary iipjinmtiri that in 
iffigagitd in fmimiiiiifiiig tint energy, or eon verting it from mm form 
to another, taken toll of tlm energy. Tlnoi fin* energy, in fin? form 
of boat that hi delivered !♦» Ilm water in flte alamo Ituiler, m not 
Urn whole of the energy lilrrutcd by I bo manhunt mn of the mil in tlm 
tmticr furnace, Agility flm ttttrrgf delivered at tlm rtimhimll of the 
htonm engine or the 4nift of tins almm turbine m not the whole of 
tlm energy either that who delivered to tlm water, *»r that wim prcaitnt, 
in tlm Hteain whie.lt entered tli« ttieatji cylinder or turbine chamltar. 
Again, tho iimrluinioal enemy delivered by tlm nimm motor to the 
rhrAfm generator doea not nil np|#«ar m elwtrifiil energy nt tlir* 
tfintiiiinh of lit*? generator, Tlm generator make* n charge varying 
from i'Vfa per cent, to twenty j*er ronf, for roiivorting tlm nmrhnnirnl 
to ohtdrimil mmtgy, Tho mbh^ through iihirh tlm rtinonb* jaoai to 
Ilm Iiinijn or motors ngiiiin imiko thoir rdiargo fur fraiiooifting fbo 
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current»the charge being measured in this case by the product of the 
fall of pressure between the terminals of the generator and the ter¬ 
minals of the lamp, motor, distributing point, etc., multiplied by the 
current passing through the cables. Thus, if current is delivered 
at the terminals of the generator at a pressure of 550 -volts, and the 
pressure at a distributing point within the mine, say, at the pit 
bottom, or at a point farther in-bye, is only 500 volts, the cables will 
have made a charge upon the pressure of 50 volts for transmitting 
the power through them. If the current transmitted is 100 amps., 
the total charge made by the cables is 5000 watts, or about 6*6 H.P. 
Further, it should be understood that there is a continual fall of 
pressure from the terminals of the generator outwards, whenever any 
current is passing, and that the fall will be proportional to the product 
of the current passing, into the resistance of the cables, or other con¬ 
ductors through which it passes. Thus there will be a small fall of 
pressure between the terminals of the generator and the switchboard, 
to be presently described. There will be a further fall of pressure 
between the main switchboard in the generator house and the swifcch- 
Kmnl or distributing arrangement at the pit bottom, and a further 
full of pressure between the pit bottom and any distributing point, 
say, one near the face for the supply of coal-cutting machines. There 
is a continual fall of pressure through any apparatus that is using the 
current, and always in the same proportion, bearing in mind that the 
current and pressure to be employed in calculations of this kind for 
alternating currents are the virtual or effective volts and amperes. 
Further, it is well to note that the fall in pressure at any point, such 
as the distributing point mentioned, or the terminals of a lamp or 
motor, vary directly in accordance with the formula, E = OR, E being 
the fall in pressure, C the current passing, and R the resistance between 
the terminals of the generator, or any other point taken as a starting- 
point, such as the main switchboard and the terminals of the appa¬ 
ratus. This is a very important matter in connection with the use 
of electrical apparatus, and the size of the cables required* Incan¬ 
descent lamps, for instance, which are supplied from cables that are 
also supplying motors, or other current users, will have their light 
increased or decreased, according as the other apparatus are taking 
lew or more current, and in the case of arc lamps it is sometimes 
difficult to keep them working if the pressure varies much at their 
terminals. To take an instance. Suppose a pair of cables for con¬ 
tinuous current to be fixed between the main switchboard and the pit 
bottom, and to have a resistance of 0T ohm, and suppose the pressure 
at the switchboard to be 550 volts. Suppose, also, that a group of 
lamp* of my kind are taking current from these cables in the neigh¬ 
borhood of the pit bottom, and that a haulage motor is also taking 
entreat from it, Hid that tire haulage motor when at work takes a 
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current from 100 to 400 amps. When the haulage motor is standing, 
supposing, for the moment, that no other apparatus is taking current 
except the lamps, and that they are only taking a small current, the 
pressure at the terminals of the series of lamps 'will he 550 volts, or 
thereabouts. When the haulage motor is started, and is taking its 
400 amps., the pressure at the terminals of the cables at the pit bottom 
will drop to 510 volts, and will then, as the motor gets hold of its 
load, rise to 520, 530, and 540 volts. This means that the pressure 
at the terminals of the series of lamps, and at those of each individual 
lamp, will fall and rise in the same ratio. With the ordinary carbon 
incandescent lamp this only means that the light will vary, and pro¬ 
bably the lamp filament will not last as long as if the pressure was 
always constant. With arc lamps or Hernst lamps it may mean that 
the lamps will go out, unless special provision has been made to com¬ 
pensate for these variations. 

The author has thought it wise, in commencing this chapter, 
to go rather fully into this question, because it is of such great 
importance, in the matter of electrical distribution, to bear in mini 
that pressures vary in the manner described- He bas also illus¬ 
trated the matter by reference to continuous currents because it is 
simpler; but the same thing rules with alternating currents, bearing 
in mind what has been explained about the pressures to be used, 
and also, as will be explained in Chapter YI., that motors, when 
they start, take large currents, and when they have got hold of 
their load, take comparatively smaller currents, and so on. 


Conductors for Electric Light and Power 
Distribution 

The conductors for distributing current for light and power axe 
almost universally of copper. Iron has been employed to a very 
small extent in the form of old wire ropes by Mr. Arthur Sopwith 
and others, in the early days of electric lighting in mines, hut though 
Mr. Sopwith achieved very good results, it is hardly a satisfactory 
arrangement. In the first place, iron and steel have from six to 
seven times the electrical resistance of copper, which means that the 
conductors employed have to be six or seven times as heavy, and as 
large in sectional area; and, in addition to this, old iron or steel wire 
ropes have to be very much heavier and larger in every way than an 
iron conductor would he under ordinary circumstances, because the 
old rope is really a mass of broken iron wires held together by the 
construction of the rope, in which conduction takes place very often 
between the surfaces of the broken wires, the wires themselves being 
oxidized or covered with grease. Hence, when large currents come 
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to be dealt with, a limit is soon reached, beyond which, if it were 
advisable for other reasons to employ old wire ropes, their si ze 
becomes utterly unmanageable. Aluminium is also gradually 
coming to the front, but it is hardly yet in that form in which it 
could be recommended for mining work. When it is in a really 
practical condition it will be cheaper than copper, and probably, as 
the development of its manufacture increases, it will continue to 
become cheaper. The specific gravity of aluminium is less than 
one-third that of copper, while its conductivity is about as 3 to 5 
compared with copper. Its price ranges from three to four times 
that of copper, according to the price of the latter at the moment, 
so that on the whole, taking all points into consideration, it would 
be cheaper even at its present price; but there is an element of 
uncertainty about it still. The metal itself is not yet thoroughly 
understood. Aluminium has properties quite different to those of 
other metals. The question of jointing is a very troublesome one. 
So far as the author is aware, there is no aluminium joint on the 
market that can be thoroughly recommended for use about mines. 
The best form of joint he knows of consists of a sleeve, which is 
slipped over the two ends of the wire to be jointed, and squeezed 
down upon both of them. Soldering does not appear to be prac¬ 
ticable. There is also an element of uncertainty as to the behaviour 
of aluminium in the open, in the presence of the atmosphere, and 
any gases there may be in it. In America several attempts have 
been made to use aluminium conductors for overhead cross-country 
transmission lines, with varying success. 


Overhead Conductors 

Where a group of mines are supplied with current from a single 
generating station, it is perfectly practicable and legitimate to 
employ naked copper conductors, carried overhead between the 
generating station and the principal distributing points, such as the 
sub-stations at the different mines. The copper conductors that are 
employed for this work are sometimes solid, but more frequently 
stranded. The limit to the size of a solid copper conductor that can 
be handled comfortably is about 0*5 of an inch in diameter. For the 
same reason that insulated copper conductors are stranded after a 
certain size is reached, overhead conductors are also more con¬ 
veniently stranded. A stranded conductor is very much more 
flexible, and more easily handled in every way, than a solid con¬ 
ductor of the same sectional area. On the other hand, a stranded 
conductor presents a very much larger surface to the action of the 
oxygen of the atmosphere, and therefore will probably not last as 
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long where there is much smoke, and where, as usually happens 
with smoke, there is sulphuric acid in the atmosphere. For these 
reasons solid conductors are employed in manufacturing districts, 
while stranded conductors may be employed in country districts. 
Overhead conductors are supported by porcelain insulators, and these 
are now usually of what is known as the triple petticoat form shown 






HIGH TENSION INSULATORS 



Fig. 90. —Various Forms of Triple Petticoat Insulators made by Messrs. 
Buller. It win be noticed that in all of them the Surface over which 
the Leakage Current must pass is made as long as possible. 


in Fig. 90. This form of insulator, which has been developed 
principally in America, is made very strong, of a very high insulation 
resistance, a very high resistance to sparking through the substance 
of the insulator; and the surface, as will be seen, is so arranged that 
any leakage current has a very long path to pass over between the 
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conductor and the bolt supporting the insulator. Considerable dif¬ 
ference of opinion exists among American engineers, who have had 
the largest experience in overhead work of this kind, as to the 
material of which the supporting bolt of the insulator should be 



8——UK 



Fig. 91.—Special Form of High Tension Insulator made by Messrs. Buller. 

It will carry Wires either in the Groove on the Top or in that on 
the Side. 

made. Conditions of strength point to iron or steel, properly galva¬ 
nized, as the best material, and this is the substance employed for 
the insulator bolts of telephone and telegraph lines. But other con- 
diions in America have led to the adoption of creosoted wooden 
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insulator bolts, these being said to give a higher insulation resistance, 
and to stand climatic and other influences better than iron. In 
this country iron or steel is generally employed, and the insulator 
is supported by its bolt upon brackets or arms, carried by poles, 
fixed in any convenient position. The poles may be of wood, and 
should then be creosoted, the insulators being supported upon creo- 
soted arms bolted to the poles; or the poles may be of iron, which, 
again, may consist of latticework, similar to that employed in some 
of the modern pit headstocks, and in some of the railway signal 
posts; or they may consist simply of tubes made in definite lengths, 
and arranged to fix one on top of the other, the smaller one in each 
case fitting into a socket in the top of the larger one. It is best also, 
where conductors cross public roads, or where they would be liable to 
cause damage if they fall, to protect them by guards of some kind 
placed under the wires. There are several forms of guards; one 
consists of an iron strap bent round the insulator and bolted to the 
pole above and below, so that if the conductor leaves its insulator, or 
if it becomes slack, in place of falling, it is supported by the iron 
strap. Another arrangement is, iron wires are stretched between the 
poles, with connecting wires crossing them, forming a kind of open 
trough or cradle. If the conductors come away from their insulators, 
they are caught by the cradle. There is another danger with naked 
overhead conductors that must he provided for, viz. the possibility 
of mischievous boys climbing the poles and either getting shocks 
from the conductors, or placing pieces of metal between the con¬ 
ductors for the purpose of seeing the arc that is formed. It is not 
easy to provide against this, hut possibly the best method is a sub¬ 
stantial wrapping of barbed wire for a certain distance above the 
ground, or provision of spiked rings, something after the pattern of 
a cheval de f rise . Probably a vigorous application of the police 
court would he the best preventative. It is also necessary that any 
conductors about the poles, including the poles themselves if they 
are of iron, should be well earthed. In some cases earthing arms 
are provided, consisting of iron arms or brackets connected to earth, 
and arranged to catch a falling conductor, and therefore, presumably, 
putting rae conductor to earth, and rendering it dead immediately it 
touches the arm. 


Insulated Conductors 

There are four substances employed for the insulation of con¬ 
ductors—gufcfca percha, indiarubber, bitumen, and yam fibre, or paper, 
the latter substances being impregnated in resinous oils. All of the 
insulating substances are hydrocarbons, and they will all, if provided 
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with, a sufficient quantity of heat, become gases, and will then behave 
very much in the same mannex as the explosive gas given off in a 
coal-mine, If a light be brought to a mixture of the gas, formed 
from the insulating material, and air, when they are in certain 
proportions, an explosion will follow. This has been the cause of 
several of the explosions that have taken place in connection with 
the underground conductors in the streets of towns, some of which 
have been erroneously laid at the door of the illuminating gas, which 
is carried in pipes near the conductors. Gutta pereha is hardly ever 
used for conductors for light and power, because its melting-point is 
so low, and it softens at such a low temperature that the conductor 
is easily thrown out of the centre of the insulating envelope, and the 
insulation on that side becomes very much reduced. For wires, 
however, for siguals and telephones, especially where wet is always 
present, and where there is no light, as in mine shafts, gutta pereha 
is the very best material that can he employed. For small con¬ 
ductors, also, for electric lighting work, it might he employed with 
care under similar conditions. Gutta pereha is almost indestructible 
under water when protected from light. As with so many other 
substances, however, the cost of gutta pereha has increased during 
the last twenty years, and there are many substitutes on the market, 
containing only a comparatively small proportion of gutta pereha, 
and these substances have not the properties of the pure material. 
It should be noted that if gutta pereha is employed as an insulator, 
the thickness of the insulation should be as great as possible. With 
very tbin coatings of gutta pereha, even when the substance is pure, 
water, such as is found in most pit shafts, will find its way through. 

Indiarubber is the substance that bears probably the best name 
for the insulation of conductors for mining work, but it is on the 
condition that there is a very substantial thickness of the rubber 
outside of the conductor, that the rubber is properly laid on, and 
that it consists of proper materials. Pure rubber does not stand 
wet, and It is acted upon by copper, therefore it is usual, where the 
rubber will be exposed to wet, to submit it to a process known as 
vulcanizing, in which a certain quantity of suphur is mixed with the 
rubber, the compound being baked at a certain temperature after it 
has been laid around the conductor. In practice, rubber-covered 
cables are constructed as follows. The outer conductors of the strand 
are tinned, and the tinning should be very carefully carried out, as 
where this is not done the copper will be brought into contact with 
the rubber, and deteiioration will set in. Next to the conductors 
are placed two wrappings of pure rubber strip, laid on transversely 
and in opposite directions, so that the joints of the strips cross. 
Outside of the pure rubber is placed a layer of what is known as 
"intermediate/ consisting of rubber to which has been added a 




Plate 12a. —Main Switch Board for Continuous Currents, made by 
Messrs. Reyrolle, for Mining Work. 



Plate 12b. —Back of Main Switch Board shown in Plate 12a, made 
by Messrs. Reyrolle. It will he noticed that there is plenty of 
room for a man to work without danger. 


[To face p. 216. 
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certain quantity of a salt containing sulphur, such as the sulphide 
of antimony. Outside of the intermediate is placed another 
coating called “jacket,” consisting of vulcanized rubber. Inter¬ 
mediate and jacket are placed on the conductor longitudinally 
in two strips, which are pressed round the conductor, cut off, and 
jointed by one machine. The conductor that is being insulated 
passes through the different machines in succession. It receives one 
lap of rubber in one machine, a second lap in a second machine, 
intermediate in a third machine, and jacket iq a fourth, emerg¬ 
ing from the last machine completely insulated, except for the 
baking process and the braiding, etc. After the rubber has been 
placed on the cable, the coils of cable are placed in a drum, which 
is heated for several hours, this welding the three coverings, the 
outer rubber, the intermediate, and the jacket, into one homo- 
generous envelope surrounding the conductor. After baking, the 
cable is usually taped, and sometimes braided, sometimes armoured, 
sometimes covered with lead, sometimes covered with lead and then 
armoured. There are two great difficulties about the employment 
of rubber insulation. All the gums of which rubber and the other 
insulating substances are composed, oxidize freely if exposed to air 
or moisture, and this leads to the gradual disintegration of the rubber, 
and the gradual penetration of the moisture, if present, to the 
conductor, the insulation being destroyed in the process. This 
difficulty is overcome by having the rubber of considerable thickness; 
the author’s view is that not less than one-tenth of an inch radial 
thickness should be employed, and he would prefer to have one- 
eighth of an inch, or more. But here comes in the other difficulty— 
rubber is very expensive; that is to say, good rubber is. There 
are two principal kinds of rubber on the market, known respectively 
as “Para” and West African. The distinction will probably very 
soon disappear, as rubber is being planted in Ceylon and in various 
other places, and there are very good accounts of the quality and 
quantity of the new rubber produced. At the present time, however, 
the bulk of West African rubber is very inferior, and is worth on 
the market only about one-fifth that of Para. Para rubber is 
grown in the district known by that name in the neighbourhood of 
the River Amazon, and it is not only very much better in quality 
when produced, but the natives of the district have a method of 
preparing it, after it is collected from the trees, which kills the 
parasite that is present, knd which, if not destroyed, disintegrates 
the rubber at a later date. The rubber insulation of all cables 
employed for electric light and power distribution should consist of 
at least thirty per cent, of Para. West African rubber, however, is 
made up to look exactly like Para, is employed for insulating cables, 
and is made to stand all the tests to which electrical engineers are 
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at present able to submit it, equally as well as Para, but the useful 
life of the West African rubber-covered cable is only a fraction of 
that of the cable with the percentage of Para rubber mentioned. 


Bitumen*covered Cables 

The high cost of rubber has led to the adoption of cheaper 
substances, of which bitumen is the one that has been most largely 
employed in mines. Bitumen is a substance known commonly as 
pitch, which is found naturally in the pitch lakes of Trinidad and 
other places. Its insulation resistance is only a fraction of that of 
rubber, but it is very much cheaper, and it has done very good 
service. The bitumen is first purified. In its natural state it 
contains a quantity of dirt and foreign matter which would prevent 
its being worked, and which also would be fatal to its insulation. 
The impurities, dirt, etc., are removed by heating and straining, and 
the substance is then used for insulating cables in three principal 
forms. Messrs. Callender make two forms of insulators, one con¬ 
sisting of paper, or spun jute fibre, laid over the insulator, and then 
thoroughly impregnated with bitumen and oil specially prepared for 
the purpose, a lead sheath being placed over the insulator under 
hydraulic pressure. They also insulate cables by laying what they 
call a separator of yarn or paper directly over the conductor, the 
wires of which have been carefully tinned, and outside of the 
separator a tube of vulcanized bitumen is laid on, the substance 
being forced down on to the cable, through a dye, as the cable passes 
through the machine. There is also another method employed by 
the St. Helens Cable Co., who insulate cables with a substance they 
have called “ dialite,” consisting of bitumen prepared with certain 
other substances, formed into sheets, cut into strips, and laid on the 
cables in the same manner as the pure rubber strip described in 
connection with rubber cables. The dialite cables are exposed to 
a certain temperature for a certain time after the insulator has been 
laid on the conductor, the process being called vulcanizing, and 
causing a welding together of the layers of the dialite, and this 
forming into one homogeneous envelope, as with the rubber cables. 

It is claimed that dialite stands a higher temperature than 
ordinary vulcanized bitumen, and that it will withstand oxidation 
and the action of the salts, that are so frequently found in the water 
in pit shafts, better than bitumen. 

All three forms of cable are sometimes armoured, the armouring 
being sometimes of wire, one or two layers, sometimes of steel tapes, 
one or two layers, and they are sometimes simply braided. Messrs. 
Callender also provide a particular form of armour, known as the 
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“ locked coil” It is taken from the locked coil wire rope that has 
been upon the market for some years, which is well known to mining 
engineers, in which the outer strands are formed of a particular 
section arranged to dovetail into each other, and to form together a 
complete cylindrical envelope. 


Paper and Yarn covered Cables 

One form of paper and yarn covered cables has already been 
described, that by Messrs. Callender. Paper, yarn, cotton, and 
similar substances have all a very high insulation resistance when 
absolutely void of moisture. Hence they form very good and very 
cheap insulating substances, providing that the moisture can be kept 
out of them, and a number of forms of cable have been worked out 
on these lines. The conductor is covered in some cases with strips 
of paper laid on transversely, and so that the joints cross, sometimes 
with yam laid on in a similar manner. The yarn, or the paper, first 
has all its moisture thoroughly extracted from its pores, and it is then 
thoroughly impregnated with hydrocarbon oils under pressure, the 
whole being drawn into a lead tube. The rationale of the arrange¬ 
ment is, as long as the insulating substance has its pores filled with 
the insulating oil, the insulation will he good, but if the paper or 
yarn is exposed to the atmosphere, oxidation immediately commences 
and, in addition, moisture penetrates, the insulation being very quickly 
destroyed, hence the use of the lead tube for keeping the moisture 
out. The lead tube is generally formed directly on the cable, the 
cable passing through the die arranged for the purpose. In some 
cases, however, the insulated conductor is drawn through a tube 
already made, and the tube is squeezed down on to the insulating 
material by hydraulic pressure. Messrs. Glover also have adopted 
another method of applying the insulator. They prepare a stiff paper 
cut into strips and impregnated with an insulating substance they 
have called “ diatrine” which imparts a sticky surface to the paper. 
The paper is laid on diagonally, as already described, the diatrine 
on the surface of the paper causing the successive layers to adhere 
together, and the lead tube is then formed on the insulated cable. 

A variation of the lead tube protecting the insulating material is 
a tube of bitumen, which has been employed both by Messrs. G-lover 
and Messrs. Callender. 

The great merit of the paper or yarn covered cable is its greater 
cheapness. It also has a comparatively high resistance to sparking. 
The substances employed, however, should be, with paper at any rate, 
good tough fibrous manilla, and it should he thoroughly well dried 
before applying, as explained. There is the same possibility of 
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failure with paper or yarn covered cables as with rubber covered, if 
either the paper or yam is poor. If not of the best quality it easily 
rots, or is partially destroyed in the process of manufacture, and if 
the impregnating oils are impure, or contain any substance which 
will act deleteriously upon the paper, the same thing results. 

In using paper or yarn covered cables, the ends must never be 
allowed to be open to the atmosphere, otherwise moisture, which is 
always present in the atmosphere, will gradually creep into the cable, 
and will destroy the insulation. The author has been informed also, 
by a cable-maker of experience, of a case where a paper-covered cable 
was suspended in the shaft, and where the lead covering burst near 
the bottom, in his opinion owing to the pressure of the oil, etc., 
above. The reply to this, of course, is that a stronger lead covering 
was necessary. 

Paper-covered cables are sometimes covered with armour, one or 
two layers of wire or steel tapes, and sometimes merely braided. 


Fireproof Covering for Cables 

One of the troubles in connection with cables is, if a fall of roof 
occurs, the cables being broken, and the bare ends lying together, so 
that a spark followed by an arc passes between them, the heat 
generated by the arc ignites the insulating envelope of the cable, 
and this may lead to other very serious results. The same thing 
may and has happened, where a switch has been allowed to form an 
arc when opened, or when arcs have been set up between parts of a 
switchboard, between which considerable difference of pressure exists, 
owing to the deposit of coal or other dust. In all of these cases the 
heat, generated by the arc being at an enormous temperature, ignites 
any inflammable material near it. To meet this, Messrs. Glover and 
Messrs. Callender have introduced a covering for their cables which 
they claim to be fireproof. There is, of course, no substance that is 
actually fireproof, but there are substances which ignite with great 
difficulty, and which, when ignited, only smoulder, and therefore do 
not communicate combustion readily to adjoining substances, and 
this is what those firms have provided. After the cable is com¬ 
pleted it is covered with a braid of a substance which has a very high 
ignition point, which is almost non-combustible, and afterwards the 
finished cable is drawn through a bath of a substance which also 
has a very high ignition point. The result of this is claimed to very 
considerably decrease the dangers mentioned above. 
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The Formation of Stranded Conductors 

Conductors are formed into cables by stranding, for convenience 
in handling. Above No. 12 gauge the conductor becomes stiff and 
unpliable, unless it is of a very soft kind of copper, which it is not 
always wise to employ, and in the author's view No. 14 is the 
largest single wire that should be employed. After that six wires 
are* stranded round a seventh, forming the cables known as 7/16, 
7/18, and so on, the stranded form being made in every size right down 
to small wires. When the size of the wire required with seven con¬ 
ductors for a given total sectional area becomes large, twelve wires 
are laid on the outside of the seventh, and another set of cables known 
as 19/16 and 19/18, and so on, are formed. With still larger cables 
eighteen wires are laid on outside of the nineteenth, and another 
series known as 37/16, 37/18, and so on, are formed. For still larger, 
again, twenty-four wires are laid on outside of the eighteenth, and a 
sixty-one series is formed, and for the largest size thirty wires are 
laid over the twenty-fourth, and the ninety-one series is formed. In 
practice cables are made from 3/25 to 3/18, from 7/24 to 7/6, from 
19/24 to 19/7, from 37/24 to 37/8, from 61/24 to 61/10, and from 
91/18 to 91/11. 

Another point that has to be considered in connection with cables 
is makers' lengths. It will be understood that, while with small¬ 
sized cables almost any length can be made, the only difficulty 
being the question of coiling it on a drum of sufficient size, as the 
size of the cables becomes larger the weights becomes heavier, and 
the whole thing becomes more difficult to handle, and therefore only 
certain lengths can be employed. In laying out cables, therefore, for 
mines, it is wise to choose those in which makers' lengths will fit in 
with lengths of a shaft. On no account should there be joints in a 
shaft if they can possibly be avoided. 


Concentric Cables 

For convenience in handling, the cables of a two-wire con¬ 
tinuous current, and of a three-wire continuous current system are 
sometimes made into one cable, in the forms known as concentric 
and triple concentric. In the concentric cable one conductor is made 
in the ordinary way, stranded as usual, and insulated to its full 
thickness, the insulator being further protected by braiding or other 
arrangement. Outside of the insulation of the first conductor, the 
second conductor is laid usually in one layer, the number of wires in 
the single layer being the same as the number of wires in the stranded 
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Section of Unarmoured Lead 
Sheathed Conductor 


Section of Armoured Lead 

Sheathed Conductor 

Fig. 92. —Showing Sections of Messrs. Mavor & Coulson’s Concentric Cables 
with Uninsulated Outers. 
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conductor on the inside, or the total sectional area of the wires forming 
the outer conductor being equal to the total sectional area of the 
wires forming the inner conductor. Concentric cables are sometimes 
built up of copper formed into sections, something on the lines of the 
locked-coil armour mentioned, or in the form of sectors of cylinders, 
but in all cases the outer conductor completely surrounds the insu¬ 
lating envelope of the inner conductor, and the sectional area of the 
two is exactly equal. 

Triple concentric cables are for the three-wire system, and in 
them the outer conductor of a concentric cable is insulated, and a 
third conductor is laid on outside. With triple concentric cables 
the outer conductor is 


usually made the neu¬ 
tral. It is very much 
smaller than either of 
the others. It is usual 
to insulate the outer 
conductor outside of all, 
and the completed cable 
may be armoured with 
wire or strip steel, or 
may simply be braided, 
or, again, may be drawn 
into a lead tube. 

There is a modifica¬ 
tion of the concentric 
cable which has been 
largely used in the 
Scottish collieries, intro¬ 
duced by Messrs. Mavor 
& Coulson, in which 
the outer conductor is 
uninsulated. The outer 




Plan of Joint Box and Conductor 


Fig. 94.—Showing Method of connecting a Branch 
to Messrs. Mavor & Coulson’s Concentric Cables. 


conductor consists 


partly of galvanized iron wires, partly of a lead tube enclosing the 
insulating envelope of the inner conductor, and partly of a copper 
conductor introduced to increase the conductivity. The outer con¬ 
ductor in this case forms the return or negative conductor. It is 
only employed with continuous currents, and it is claimed that it 
affords a very efficient protection against shock. All junction boxes, 
switchboxes, etc., are arranged so that the outer conductor makes 
good electrical connection with the containing-box. The author's 
objection to this is, that if a cable is parted, say by a fall of roof, it is 
difficult to make an efficient connection to the outer conductor. Figs. 92, 
93, and 94 show these cables, and the method of jointing them. 
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Three-core Cables 

Three-core cables are made for use with three-phase currents. 
It was explained in Chapter I. that induction takes place between 
cables in which currents are passing when the strengths of the 
currents are changing, and in order to neutralize the inductive effects 
as much as possible, the cables for a three-phase system must be 
brought as close together as possible, and if they can be twisted 
round each other, the neutralizing effect will be very much increased. 
Further, it is absolutely necessary that no single cable carrying an 
alternating current shall be laid by itself with its own armour, the 
reason being that the induction taking place in the armour of the 
cables will be so great as to very seriously affect the efficiency of 
the system, a large amount of the power delivered to the cable being 
swallowed up by the induction in the iron armour. Hence a 
convenient arrangement for three-phase work is, each cable is insu¬ 
lated in the manner intended, the insulation is braided, and the 
three cables are laid up together, usually round a hemp core, 
the spaces formed by the stranding of the three cables are filled in 
with yam or other substance, and the whole is insulated outside of 
all, the completed cable then being either armoured, drawn into lead 
pipe, or simply braided, as may be desired. The armour in this case, 
or the lead pipe, being common to all the cables, and equidistant 
from all of them, any inductive effects will be practically neutralized. 

For two-phase service, four cables may be made into one, or, as is 
more frequently done, twin cables are employed, each cable of each 
twin being separately insulated, and the twins being insulated over 
all as well. The author does not like twin cables; his experience has 
been that they are very liable to breakdowns. 


Sizes of Cables for Lighting and Power 

The sizes of cables for lighting and power services are controlled 
by three factors—the heating factor, that of waste of power, and drop 
of pressure. As explained, when a current is passing through a pair 
or through three cables, as the case may be, to work lamps or motors 
beyond it, the pressure falls continuously between the two cables as 
the generator becomes more and more distant, in exact proportion, to 
the formula E = CR, where E is the fall of pressure, C is the current 
passing, and R is the resistance up to the point where the measure¬ 
ment is made. The loss or waste of power in the cables is measured 
by the formula W = EC, where E is the drop in pressure between 
the two pairs of ends of the cables, and C is the current passing. 
Evidently the proportion of fall in pressure will be the proportion of 
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loss in till) cables. Thus, if the pressure at, tho terminals of the 
generator is ;K)0 volts, amt tho pressure at any point,—say tho pit 
bottom, or a distributing point further on—through which all the 
current passes, is 450 volts, tho loss in transmission through tlm 
cables is tun pur cent. Further, this rule applies as the distribution 
goes on, each branch wastes, or charges upon the, jxiwer delivered to 
it, in propirtion to the ratio between the fall of pressure and the 
pressure at the commencement of the branch. The cable*, however, 
are the one jiortion of the apparatus in which the engineer is master. 
Within certain wide limits he can make the loss in the cables as 
little or as great as he chooses. A loss of ten per eont. Is.it wot m the 
generator and the bulk of the work is commonly accepted iw a 
standard ratio; hut this is by no mums a hard-uml-iast ruin, mid the 
proportion of power that may lie wasted in tins cables defxmds entirely 
upon the conditions of the service. Over twenty years ago Ixird 
Kelvin stated the law that for greatest economy the loss in any 
cables must equal the cost of the horse-power exjxmded in them. 
This law has since l«cn modified, and the modem reading may he 
taken to Ire: tho loss in cables in horse-power may Ire, fur economy, 
such an amount that the annual cost of Lite horse-jsiwer «(ptnlfl the 
annual cost of the cables it diaplaces. The first cent of cable* is 
made up of the cost of tho copjrer, and the insulation, ami manu¬ 
facture generally, plus the cost of fixing. Tim interest on the first 
three items, added to the cost of maintenance, marks the limiting 
value to which that of the horse-power may go Wore its waste 
becomes uneconomical. It will Ire seen from this that where power 
is generated very cheaply indeed, a* in a few castw of water power, 
or by sources of natural gas, by the use of otherwise waste products, 
etc., it may Ire economical to waste a very large prejrertion of the 
total power generated, Ireeaiwe this may enable very much stimller 
cables to Ire employed, and the interest and upktxjp of thorn, ate., 
to be materially decreased. 

With continuous-current systems the rule for the cakulatien of 
tho size of tho cables is as follows. Determine the pressure in volts 
that may be wasted in the particular cables whose »ixo is to 1st 
calculated, and then apply the formula— 


It S= K 


x 


17<50 

a .xT 


whore It is the resistance per mile of the cables, which may Is: taken 
from any manufacturer's catalogue, K is the priwttm* in volts 
expended in that particular pair of cable*, <; is the largest current 
the cables are to transmit, and L is the length of the two cables. 

For three-phase cables the formula has to Ire modified. In the 
three-phase system each pair of cables with the conductor on the 
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armature of tlie generator between them may be considered, for 
the purposes of distribution, as a separate machine, and the formula 
then works out for each individual cable— 


E =E 


1760 x 1*71 

X 2C x L ' 


1 being the resistance of one cable. 

For the two-phase system each pair of cables may be considered 
to be taking half the current, and the calculation may be made for 
each half, as for continuous currents. 

A caution should be given here in connection with two and three 
phase currents, viz. that the power factor which has been so often 
referred to, must be taken into account. Current has to be generated, 
and has to be carried by the cables, in addition to that actually 
employed in working motors, etc., “ idle ” current, as it is termed, 
owing to the lag which was described in Chapter I. This means that 
the cables have to be made larger than they otherwise would do to 
allow for the idle current, and in applying the formula for the size of 
the cable, the power factor taken at 0*8 as a standard, unless there are 
special reasons for taking it at any other figure, must be applied to 
the equation. 


Heating of Cables 


It was explained in Chapter I. that the heat unit is connected 
with the electrical system of units by the fact that 17*58 watts = 1 
B.Th. Unit; that is to say, if an electric current is delivering energy 
at the rate of 17*58 watts, no matter at what pressure, to any con¬ 
ductor, heat is liberated in the conductor at the rate of 1 unit per 
minute. It was also explained that the heat liberated is measured 
by the three formulae— 


and— 


H = E Gt, 

h = cmt. 


EH 


The last two are the important formulae for this purpose, and from 
them it will be seen that the heat liberated in any given cable of a 
given resistance, in any given time t } varies directly as the square of 
the current strength in amperes, and also directly as the square of 
the pressure in volts. The actual quantity of heat liberated in any 
time in any cable may be found by adding to the above equations 
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the weight of the cable in pounds, and the specific heat of copper, 
and the increase of resistance of the copper due to its increased 
temperature. It was explained in Chapter I. that the resistance of 
the metals increases with increased temperature in a definite ratio, 
that of copper being *004 per degree C. When a current is passing 
through any cable under ordinary working conditions, heat is 
liberated in the conductor, and a certain portion of it is dissipated 
through the insulating envelope to the surrounding atmosphere. 
Under certain conditions, where the current density in the conductor 
is very low, and where, as in most mines, there is a powerful current 
of air passing along the surface of the cable, there would be no 
appreciable rise of temperature in the conductor, and the heat 
liberated would be measured by the formula— 

C 2 I It 

17*58 

But where the current density is high, and where the heat has no 
opportunity of escaping, as where conductors are enclosed, or are 
coiled on each other, as in dynamo machines, there is a certain 
definite increase of temperature, and also a certain definite increase 
of resistance. The importance of this question lies in the fact that 
conductors for any purpose must not carry more than a certain 
current density. The insurance companies, the Institute of Electrical 
Engineers, and others, have settled a standard density of 1000 
amperes per square inch of sectional area; but under certain con¬ 
ditions this density may he very greatly exceeded, while under other 
conditions it is wiser not to come up to it. With overhead conductors 
which are exposed to the atmosphere, and especially where there are 
usually fairly strong prevailing winds, the current density may be 
many times higher than the standard The question of economy 
usually dictates a low current density, but there are cases where it 
may be economical to adopt a high current density, and in those 
eases it is perfectly safe to do so, providing that the heat which is 
delivered to the conductor can escape from its surface at such a rate 
that the mass of the conductor maintains its position inside its 
insulating envelope. 

The heating effect becomes important when either leakage or 
short circuits take place. The formula— 


shows that, with a given conductor, the heat liberated will depend 
directly upon the square of the pressure. When a cable is merely 
carrying a current to an apparatus, or to other cables beyond it, only 
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a very small pressure Is present between its ends; but when connec¬ 
tion is made, say, between the two cables of a continuous current 
system, at the pit bottom, then the whole of the pressure of the 
system becomes available for delivering heat to the two conductors in 
the shaft, and, as will be seen, the result will be an enormous increase 
in the rate at which heat is liberated. A simple calculation shows the 
difference in the possible heat liberated in a pair of conductors when 
50 volts of a total pressure of 500 are expended, and when the whole 
pressure Is expended, in shaft cables. If the cables are short circuited, 
the full 500 volts are available for delivering heat in the conductors. 
The increase of heat, if there were no change in the resistance of the 
conductor or in the pressure* would be as 50 2 to 500 2 , as 25 to 2500 
approximately, or the heat liberated would be 100 times as great. 
The increase of resistance would decrease this proportion, and also 
the enormous current that would be delivered by the generator would 
tend to lower the pressure at Its terminals, both by lowering the 
speed of the engine, and by lowering the pressure electrically. But 
it is easy to see, and a simple calculation will slow, that in a pair 
of cables consisting, say, of 19/16 wires, feeding a 500-volt service, 
a short circuit at the bottom of a pit 400 yards deep might raise the 
temperature of the conductor to melting-point, if allowed to operate 
for a comparatively short time. 


Wires and Cables for Connecting; to Lamps, etc. 

Small wires and small cables for connecting to incandescent, to 
arc lamps, and to small motors, switches, etc., had better always be 
insulated with rubber as described on page 216, the rubber being 
covered outside of all with a substantial coating of jute. If the cables 
are to be fixed in places where they will he liable to damage, it 
will be wise to have the rubber as thick as the means will allow. 
For the inside of engine houses, offices, and similar places, the wires 
and small cables may be fixed in boxing, consisting of wood, in which 
grooves are ran for the wires to lie, a cover being fixed over them 
when in place, and the grooves being just large enough to allow the 
wires to be lightly tapped in. The casing before being used should 
be thoroughly dried, and should have either several coats of shellac 
varnish, each coating being well dried before the next is applied, or 
be protected from moisture in some similar manner. Wires and 
small cables may also be protected by a conduit which, has been 
Introduced from America, called the circular loom conduit. It is 
made entirely of insulating material with a braiding on the outside, 
woven in a specially strong manner, the whole thing being steeped 
in insulating substances, of which finely divided mica forms a part. 
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and the conduit Laving considerable strength. This conduit will, 
in the author’s opinion, be found of great service for a great many 
places about the mine, as well as about pit tops, engine houses, 
fitting shops, etc. Casing also, made from wood that has been 
subject to one of the recently introduced fireproofing processes, such 
as “ haskinizing,” should answer well. 


Cables for CoaNcuttlng Machines and Moving 

Motors 

The cables employed to follow coal-cutting machines, or pumps 
on a dip road, present considerable difficulty. In the case of a coal¬ 
cutting machine cutting across a coal face of, say, 1000 yards, it is 
necessary to have a certain length, of cable trailing, and it is best 
that the cables, whether the motor is continuous current or three 
phase, should he formed into one. The conductors of which the cables 
are composed should he made very flexible; that is to say, they should 
be made of a comparatively large number of smaller wires than 
would be usual if the cable were simply delivering current in the 
ordinary way. The larger the number of wires of which each con¬ 
ductor is formed, the more flexible will it be, hut, on the other hand, 
the more easily will It be parted if wet penetrates to it. The two 
or three cables should be laid up together, and they may be held 
together "by a light steel wire armour, ox, as the author prefers, a 
wrapping and a braid of jute, or the plaited leather covering that has 
been introduced by Messrs. G-lover. The gate road connecting boxes 
for coal-cutting machines should be arranged at as frequent intervals 
as possible, in order that the trailing cable may he as short as 
possible; but, on the other hand, this entails carrying the supply cable 
either up several gate roads, or across the face. No rule can be 
given applicable to aLl cases of this kind, the electrician at the 
colliery must use his own judgment, following the rule given on 
page 235, to keep the cables out of the way of everything as much 
as possible. 


Fixing: Cables in Mines 

The most important part of the mine with respect to the fixing 
of cables is the shaft. Even with small insulated wires such as are 
employed for signals, the problem of fixing them in the shaft in such 
a manner that they shall not be damaged by falling mineral, and 
other substances is by no means an easy one. As the conductors 
become heavier, as they do with electric light and power services, the 
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problem becomes more and more difficult, because the weight of the 
cable itself and the effect upon the elongation of the conductor, and 
the possible opening of the insulating material comes into play. 
There is considerable difference of opinion as to whether cables, both 
in idie shaft and on the roads, should be armoured or. not. In the 
author's opinion, which he has published on every possible occasion, 
and which he has seen no reason to change, armouring is wrong 
except in the special case of three-core cables for three-phase 
currents, and then he would only allow a light armour for the 
purpose of holding the three cables together conveniently, and sup¬ 
porting them. With cables intended for continuous currents he 
prefers that there should he no armour, and he objects to the use of 



Fig. 95. —Showing Messrs. Callender’s Single C&tte Cleat for bolting to a 
Brickwork Shaft. It will be noticed that the Cleat is kept dear of the 
Brickwork. 


any conductor outside of tbe insulator, and for the reason that it is 
very difficult, in manufacturing, to avoid straining the insulating 
material while laying the outer conductor an. "With the advance of 
manufacture this difficulty has been to a large extent overcome, and 
there is not now the danger there was, of damaging the insulation. 
But there is still the same danger of damaging the insulation, both 
in the process of laying the cable, and after the cable is laid, par¬ 
ticularly in m ines, where cables are necessarily subject to rough 
usage, the bending, kinking, squeezing, etc., tending to drive the 
armour or outer conductor through the insulating material. It is as 
well to remember that if, in the case of an armoured cable, the armour 
is driven through the insulating material and makes connection with 
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the copper conductor, the armour itself becomes, to all intents and. 
purposes, the conductor. It is alive and will give shocks if it 
happens to be the positive conductor. It will also tend to deliver 
currents to other conductors with which it is in contact, and it will 
also tend to set up sparking, not only between itself and the other 
conductors, but between other conductors with which it is in contact 
at certain points, and conductors with which they are in contact, and 
from which they may be temporarily disconnected. It is hardly 
necessary to enlarge upon the danger of this. Fox fixing cables in a 
shaft there are broadly four methods. 

1 . The cable may he suspended from top to bottom of the shaft 
without any intermediate support. This method may be adopted in 
shallow mines, and with light conductors, and providing that they 
are properly insulated at both top and bottom, and that the bottom 
connection is carefully protected from the lodgment of water and 
coal-dust. For many cases this method would be very suitable. The 


TUBBING 



Fig-. 96.— Showing Messrs. Callender’s Cable Cleat, for two Cables, for 
bolting to the Brickwork of a Shaft, 

great danger of this method is the possibility of the insulating 
envelope of the cable being damaged by falling coal, and the lodg¬ 
ment of water and coal-dust where the cable is fixed at the bottom, 
and where it is probably bent, and where the insulating envelope 
may be strained, the result being that the water may penetrate the 
insulating envelope. 

2. A modification of 1 is, the cables are supported by insulators 
at the top of the pit, they are stretched from top to bottom in the 
same manner as in 1 , and they are further supported at equal 
intervals between the top and the bottom by various devices, such as 
short pieces of wood casing secured to the byatt, with a cover 
arranged to squeeze the cable into a groove provided for it, or glazed 
earthenware insulators may be employed, the insulators being made 
in two halves so as to clasp the cable, the insulators with the cables 
being supported by brackets secured to the side, or to the byatt. 
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This method is also open to the objection that the cable may be 
damaged T>y falling coal, etc., and each support provides a lodgment 
for water and coal-dust, and there is the danger of trouble arising at 
those points. If, however, attention is given to these matters, and the 
coal-dust is cleaned off at fairly frequent intervals, the danger is 
minimized, and the results should be, and have been, satisfactory. 
Figs. 95, 96, and 97 show methods of supporting cables in the shaft 
by wood cleats, as arranged by Messrs. Callender. 

3. In the third method, which in the author's opinion is the best, 

provided that it is 
properly carried out, 
but which has the 
usual drawback that 
it is more expensive, 
wood boxing is fixed 
against either the side 
of the shaft or at the 
back of the byatts, 
the boxing being made 
from substantial 
planking that has been 
subject to one of the 
preservative processes 
such as haskinizing, 
the grooves for the 
cables being made so 
that the cables them¬ 
selves have to be 
tapped gently into the 
grooves, and are then 
held by the boxing 
the whole way down 
the shaft. The cover 
of the casing in this 
case need only be 
sufficiently strong to 
prevent falling mineral 
from knocking it away 

and exposing the cables. One great objection to the use of wood 
boxing for holding the cables in the shaft is, unless the wood is 
treated in some way, it, being porous, absorbs water like a sponge, 
and as it clasps the cable the whole way down, it is in the very best 
portion to deliver the water with any salts it may contain to the 
iimlatuig envelope, and as the water Is always there and always 
acting, the results are sometimes serious. Hasiinising is claimed to 



Fig. 97.—Messrs. C&Hender’s Single Cable Cleat, for 
Mine Shafts, supported by Chains from the Brick¬ 
work. 




Plate 14a. —Ferranti 1500 Ohm, Plate 14b. —Ferranti 1500 Ohm, 


10,000 Yolt, Three Phase, Oil 
Enclosed, Electrically Operated 
Switch, with Switch closed, hut 


10,000 Yolt, Oil Enclosed, Elec¬ 
trically Operated, Three Phase 
Switch, with Switch open, and 


with Case open. 


wnn oil l anus oi two oi 




Switches lowered. 



Plate 14c.—Gas Proof, Oil En¬ 
closed, Three Phase Switch. 


Plate, 14d. — Ferranti Gas Proof, 
Three Phase Alining Switch. The 
Cover is up, to show the Contacts 
inside. 


[To face p. 232. 
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boxes provide means of testing the different sections in case of faults 
in the cables; but in the author’s view it is wrong to conceal your 
cables inside iron pipes. Cables should always be either visible, 
or easily got at for inspection. Further, in his opinion it would 
probably be exceedingly difficult to ensure that the junction boxes 
shall always be watertight. In his experience, making a joint in a 
cable or wire in a shaft so that moisture is excluded is absolutely 
impossible. He has never yet seen any shaft in which cables can be 
fixed in which moisture was not present; while in the great majority 
of mine shafts water is fairly abundant, to such an extent that it is 
very difficult indeed to keep it from the hands, and from any con¬ 
ductor that one may be handling in the shaft. As explained above, 
with alternating currents, if iron pipes are employed, all the cables 
must be enclosed in the one pipe. 

With three-phase cables the author prefers the three-core cable 
with a light armour, sufficient to take the weight of the cable to a 
certain extent, and he would prefer its being fixed in wood boxing, 
as explained. Eig. 98 shows the method adopted by Messrs. Glover 
for jointing a cable in a shaft. 


Fixing Wires on Engine Roads, etc. 

For engine roads again there are several methods. The use of 
iron pipes arranged in a somewhat similar manner to those explained 
for the shaft have been used and advocated, the pipes being placed 
on the floor of the mine. The author’s objection to this is the same 
as in the case of the shaft cables: you cannot see what is happening 
to your cables, and, in addition, as mining engineers know, your pipe, 
if laid on the ground, is apt to disappear, and is subject to the 
working of the mine, causing breaks at junctions, etc., and water 
may get into pipes, will run to the lowest point, and will there 
surely cause trouble. Another method is to lay the cables in wood 
troughing, and to fill the« troughing in with melted pitch. Where it 
can be adopted, this plan is a very good one, and it does not matter 
what the wood troughing is made of, providing there is plenty of 
space for pitching, nor does it matter if the wood troughing disappears, 
as the pitch tube which is formed is a very good protection indeed 
for the insulating envelope of the cables. Pitch has the peculiar 
property—possessed also by ice—of sealing up any cracks or openings 
that are formed, say, by the working of the mine, so that it should’ 
be difficult for moisture to penetrate to the cable in any appreciable 
quantities. The difficulty of applying this method is, that in many 
parts of coal mines it is not possible to apply sufficient heat to melt 
the pitch. Another method is to support the cables on glazed 
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square of the pressure, the pressure in this case meaning that which is 
used up in driving the current through the cables. Further, from the 
formula E = CE, it is evident that with a given resistance, the smaller 
the current, the smaller the pressure required to drive it through. 
From all these considerations it follows that doubling the pressure 
not only halves the current, but it allows the cables employed to be 
made of one quarter the sectional area, or a quarter the weight for a 
given length. The charge for the passage of the current through any 
resistance is halved, and doubling the pressure gives double the 
available pressure for use, with a given percentage of loss; hence the 
above saving. From this it will be seen what a valuable instrument 
is placed in the hands of the engineer for distributing power with 
small outlay, providing that he can increase the pressure as much as 
he requires. Another point had perhaps better be mentioned here— 
the effect of distance upon the size of the cables for the transmission 
of a given power. It was explained in Chapter I. that the resistance 
of any conductor of a given sectional area varies directly as its 
length. It follows, therefore, since the charge both upon the initial 
pressure generated, and upon the power delivered to the cables, 
depends directly upon the resistance of the cables, that the charge 
will increase directly as the length of the cables, unless the sectional 
area of the conductor is increased in the same proportion as its length 
is increased. That is to say, if power is required at a distance of two 
miles from the generator, the cables to transmit it with a given loss 
must be twice the sectional area, and therefore four times the weight 
of the cables required to transmit the same power to a distance of 
one mile. Hence the importance of being able to increase the 
pressure with increased distance, and increased work at a distance 
will be appreciated. In coal mines, and in metalliferous mines, the 
two quantities, distance and work to be done at a distance, are con¬ 
stantly increasing. In nearly all cases as the mine develops, the 
distance over which the mineral has to be hauled, and often that 
through which the water has to be pumped, increases, while the 
power for coal-cutting machines, drilling machines, etc., increases, 
and has to be delivered at greater distances. To meet the increased 
cost, increased output is resorted to, and this means that increased 
work has to be done from the increasing distance, leading again to 
the necessity of high pressures, if economy is to be realized. 


The Two-wire System 

The simplest of all arrangements for distributing current is that 
known as the two-wire system, as shown in Fig. 99. It can be used 
with continuous current machines, and with single-phase alternating 
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current machines, though the latter are practically barred out for use 
in mines for the present. With this arrangement two cables are led 
from each generator to the main switchboard, as will be explained, and 
two cables are led from the switchboard to each district, or each part 
of the mine that is to be supplied. Thus two cables would be led 
out for the supply of the surface motors, if they were all on one side 
of the generator house, or more than two sets if the generator house 
was in the middle, and the power required by motors lay round it. 
If there is more than one seam worked, a pair of cables are, or should 
be, carried from the main switchboard to each seam. If it be pre¬ 
ferred, one pair of cables may be taken right to the bottom seam, and 
branch cables attached to each seam, but if this plan is adopted, the 
cables must be taken well in out of the shaft to a dry place before 
tapping. It is also a feasible and practical arrangement to take a 
cable of sufficient size to supply current for the two or more seams 
to the upper seam, and to carry smaller cables from the upper seam to 



Fig. 99.—Diagram showing Two-wire System of Distribution. 


the seams below, the different sections of the cables being made in com¬ 
plete lengths. With metalliferous mines, where a number of levels are 
worked from the same shaft, and where there is a great deal of water 
in the shafts, and often on the levels, it is a question for the engineer 
in charge whether he will run a pair of cables for each level, or 
whether he will work on what is known as the tree system, taking 
large cables to the upper level, and gradually tapering off as the 
mine descends. Both arrangements have their advantages, and if 
there is a shortness of room in the mine shaft, either in a colliery or a 
metalliferous mine, the engineer may be obliged to take only one pair 
of cables down. Whatever the arrangement may be that is mad© for 
supplying the different levels, or the different seams, the cables are, 
or should be taken, to a switchboard, as will be explained, at each 
seam or level, and from there two cables should be taken along the 
roads to distributing points, where again fuseboards, or switch- 
hoards, or disconnecting arrangements of some kind should be made, 
and from there pairs of cables carried into each district to be supplied. 
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and so on. As explained, the pressure at each point in the distribu¬ 
tion service will be the generator pressure, less the charge made for 
the passage of the current through the resistance between it and the 
point in question. In the author’s opinion, this, the simple two-wire 
system, is by far the best, where continuous currents are employed. 
The two-wire system can be employed for practically any pressure; 
for 100 or 110 volts for lighting service, which, as explained in 
Chapter III., may be provided by a motor generator; for 200, or 
220 , 440, 500, 550, and 600, these being the limits to which con¬ 
tinuous currents have been applied in mining work. The two-wire 
system may also be employed with high tension single-phase working, 
where that is used, as say, for lighting, but with the aid of 
transformers. 


The Three-wire System 

The three-wire system the author does not recommend for mining 
work, because, in his opinion, it leads to complications that are better 
avoided; but, as he understands that it has been employed in certain 
mines, he thinks it wise to give a description. It is intended to give 
the advantage of double the pressure in the size of the cables, or 
nearly so, in a lighting service with lamps made for only half the 
pressure. Thus, when incandescent lamps were only made for 100 
and 110 volts, three-wire systems were worked at 200 and 220 volts. 
Now that lamps are made for as high as 260 volts, three-wire 
systems are worked at from 400 up to 520 volts. With the early 
form of the three-wire system, two generators of the lamp voltage, 
100 or 110 in the early days, 200 to 260 volts now, are connected in 
series, the positive terminal of one dynamo, the negative terminal of 
the other, being connected to the two main distributing cables, these 
cables being termed “ outers/’ The junction between the two dyna¬ 
mos is connected to a middle wire, or cable, called the “ neutral,” and 
this cable is made very much smaller than either of the others. The 
outer cables axe made of the size they would have had if the combined 
pressure of the two generators had been employed in the ordinary 
way, and the neutral cable is made about half the size of one of the 
outers, so that a considerable saving in copper is effected. Lamps are 
connected between the positive outer and the neutral, and between 
the negative outer and the neutral, and when there are an equal 
number of lamps, or an equal current in each branch, current only 
passes through that portion of the neutral wire connecting the batches 
of lamps together, the current passing through the lamps connected 
to the positive outer, then through the lamps connected to the 
negative outer, and through the outer to the machines, the neutral 
wire merely acting as a connection between the negative terminals of 
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individual lamps in the negative section, and the positive terminals of 
individual lamps in the negative section. When there is more current 
passing either in the positive branch or the negative branch, the 
difference in the current passes through the neutral wire to the joint 
terminal of the two machines. Fig. 100 shows the connections for 
this. This was the earliest arrangement of the three-wire system, 
and it was developed in the case of Manchester into a five-wire 
system, with four generators connected in series. The five-wire 
system has been discontinued, and the later practice is to have only 
one generator furnishing the full pressure, 400 to 520 volts, as may 
be arranged, the terminals of the generator being connected to the 
outers, and the neutral wire having no connection except to earth 
at the generating station, and to the lamps. This arrangement 


+ 



Fia. 100.-Diagram of the Connections for distributing on the Three-wire 
System with two Generators. Motors are frequently connected across 
the Outers, Lamps always between one Outer and the Neutral Wire. 


necessitates some provision for transferring the work from one branch 
to the other when more current is being taken by one branch than 
the other, and for this purpose the balancers described in Chapter 
IV. are employed. As explained in that chapter, balancers con¬ 
sist of two identically similar machines having the axles of their 
armatures mechanically connected, and the machines themselves 
being usually fixed on one bedplate, and they may be arranged to b© 
driven either automatically by the service itself, so that there is an 
automatic transfer of energy from the side doing less work to that 
doing the larger amount of work, or they may be driven by an engine. 
In either case both machines are shunt-wound, and have resistances 
connected in the circuits of their field magnet coils that can be 
adjusted at the main switchboard, or at an auxiliary switchboard in 
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special cases. However the balancers may he driven, the armature 
of one of the machines is connected across each branch, as shown 
in Fig. 101, which represents a steam-driven balancer, and when 
they are not driven by a steam engine, the ends of their field coils 
are connected to the opposite branch to that to which their arma 


Positive Outer 



Fig. 101. —Diagram of Connections of a Steam-driven Balancer. 

tures are connected. The field coils of the half of the balancer 
whose armature is connected in the positive branch are connected 
to the negative outer and the neutral, as shown in Fig. 102. The 
field coils of the other half of the balancer are connected to the 
positive outer and the neutral. When one branch takes more current 
than the other, the pressure between the outer of that branch and 


Positive Outer . 



Fig. 102. —Diagram of the Connections of a Motor-driven Balancer. The 
Field Coils of each Half of the Balancer, it win be seen, take Current 
from the opposite Half of the System. 


the neutral is lowered in consequence of the increased current. 
As the half of the balancer whose armature is not connected to 
this branch takes current from it, the current passing in its field 
coils is reduced, and this leads, as will be explained in Chapter 
VI., to its running as a motor at a higher speed than it was pre¬ 
viously running at, the two machines running simply as motors, but 
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doing nu u^ful work wlitiiE the balance h even, The machine In 

flu* utlit*i’ branch, running faster m a mutin’, <Iri vinm the machine in the 
overloaded branch m a generator, also at a higher hjmhmI than whim the 
balance was eve?it, causing it to create an increased pressure, and thus 
to furnish the increased current required by that branch, When the 
balancers are nimm driven, each in connected in its nwn branch, each 
hits its own adjustable resistance in the circuit of its Hold emails. The 
two nru driven nt the .name spued, Imt when the irngineer-in-eharge 
observes that out* branch in taking more current than the other* he 
inertmmw tint excitation of that half of the balancer, thereby increasing 
its pressure, mill providing I tie additional current* required. Modern 
practice lends towards tin* at earn driven balancer; it in more under 
control» and if cun bit employed, if desired, to take the plane of the 
gi*m?xator on very light loads. It is 11 common practice with three- 
wire distribution, with, nay, from 400 to $20 volta lastwoeu the miters, 
to supply motors with current from the miters, and lights from each of 
tint branrhe#, the lumps lieing distributed m evenly ns possible, ho 
that then* ahull \m the mmm number of lamps burning m frequently 
mi |M#ifiiblii in each branch. 
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250 and 650 volts, medium pressures; between 650 and 3000 volts, 
high pressures; and above 3000, extra high pressures. Two-phase 
currents are very little employed in mines, but three-phase are, 
and are being more and more employed. All that is mentioned 
about three-phase currents applies to two-phase, with the proviso 
that two-phase currents require four wires, except with the special 
arrangement mentioned below, while three-phase require only three 
wires, also except in the case of the special arrangements men¬ 
tioned below. As explained in Chapter I., the two currents gene¬ 
rated by a two-phase machine are provided with their own complete 
circuits in the machine and outside of it, the two circuits being 
represented by two distinct pairs of cables, connecting the machine 
with the lamps or motors. It will be seen that there is a certain 
disadvantage in this matter with two-phase, since it is possible 
to make connections between cables belonging to wrong phases, 
and it is not easy within the mine, unless the cables are very care¬ 
fully distinguished by being braided in different colours, and then 
the colours are apt to be extinguished by the all-pervading black of 
coal-dust, or the dull grey of the metalliferous mine, while with the 
three-phase service there can be no mistake whatever. The arrange¬ 
ment of the cables of a two-phase service may be modified by making 
one cable the common return for the two phases, three cables only 
then being required; but there is still the same danger of connecting 
lamps, say, between the cables belonging to the two phases, unless 
some special arrangement is made to prevent it. With three-phase 
currents, as explained, there are three cables connected to the three 
terminals of the machine, lamps being connected between either 
two cables, and finding between them the pressure the service is 
delivering. There is a modification of the three-phase service, 
however, that is sometimes advocated, mainly in connection with the 
star-connected machine. In this arrangement the neutral point of 
the armature conductors is connected to one cable, and may be 
arranged for incandescent lamps to be connected between the three 
ordinary service cables and the neutral cable, the three ordinary 
service cables being connected to motors. This arrangement is 
principally of service where the three-phase system is worked at a 
pressure of 440 volts between the ordinary cables, the pressure 
between any of these and the neutral cable then being 250 volts, 
which is nearly the present limiting pressure for incandescent lamps. 
In the author"s opinion, the arrangement is not a wise one. It is 
only when the special voltage named is used that it assumes any 
convenience whatever, and it introduces a fourth wire into the system 
with the complications that it unfortunately brings. In his opinion, 
everything about a mine should be kept as simple as it is possible. 

Three-phase currents are being used in mines for 200 to 226 YQ\t% ! 
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also for 4 Itl, aim, fmO, tlhff and up to JMiUtt volts, the sendee in the 

(nisi* of these pressures Iming diroot. That is to say, the full pressure, 
whatever it way 1#\ k delivered Ity tint generators to tin* switchboard, 
and from the Hwitehlnmrd to tin* distributing unities, or feeders, and 

from them to tin* lamps nnd motors. Motors of up to HO H.P. ean 
la* worked with pressures ho low fiotl volts, hut above. that jmwe.r the 

windings and tin* insulation U*e«mw difficult. with Urn low pressures, 
mi*I therefore higher ptmwm*n an* employed, For the lighting service, 
as already explained, tire lamps nr ineandeseent lamps may ho con¬ 
nected in srnirMi Iriwmi nuy two of tin* three cal ties of the three 
phase syfii**iii, amt kdween each of the pairs of rubles of the two- 
phase system, or between tin* rubles and the neutral; hut the author's 
view is, flint it is wiser to employ 11 motor generator, its motor inking 
cmrreiil from tin* fhrw-phase service, mid Ha genumtor delivering non* 
tiunoiis currents at l W volts or 110 for the lighting semen. For the 
j#nwi?r service, tin* three or tin* four wires of the three-phase and two- 
jiltwo ny^Umm im* taken direct to the motors, with medium and high 
pmamires, through the shirting HwitidieH, etc., im will Im explained in 
Chapter VI, 



%*&€€ ^mfi€ 




Wto. Itt3.'»T4a#rim of Coi»«clk>n« (m Tbrt«*phiMMi Iflgti Tmdmi Uhtdtmlhm 
wlli mm 


m it way be getiermfrd at & lower my, 500 or 5f>0 volts, find 

fimipftiniiisl ill# to 30WJ Vdlta, In the cam of mini high tensions the 
mrretit* an* always generated at n lower pressure than that which in 
to Im employed fur traiisiuiwsion, and they nr« transformed up As 
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expliiiiiwl in <h*Hcribuig stationary franTm mm, in Chapin IV, the 
tmuMfurmor may \n* employed to tip* pr»'» an** # 1«*1 i\*! by 

tint generator, or b* derreuae ii t or fbr kih. Tim », w (me j*<w« r ii 
iraiwiiiiilacl over long dis!am*e f », it/; when* a number *4 iimm are 
taking jHtwt’r from a waterfall at whip di’tamv, n C nan] in g*i*e 

rate tint ourrenta at 500 vultm *»r thereabmt ■*, t*» tran ’In*m ihein up 

by Ht&timmry tru«Hfnr*jien it! lb* generating ration to the lonon t>r 
20,000 volts, ur whatever t hi* lim* prea«un* mav k to ti %n >m;t fie* 
jxmw by their aid through the \uie' 1* a*img to tip- point* *4 ro»« 
fftiiiiptioti ni these pnwturea, ami tip*) aye there train funned *h a* n to i 1 §»» 
pretwanm nt which tin* ruriei»t;» are to k employed. The Iran Tonua 
linn i» very often fUTompli Ted by luo :■«*? < *4 irattTcinrsp Tharp 
if file e.mreni# uni generated at, ; ay, 500 n*lf % tip fir 4 Ml *4 
triiiittfortiitsrs may inere-ftm the pre«;*ure to v< 4 f., ami fin* 

mjcsondnry current* from these imiiTonm r f in ay be Uk n a- fit*' 



V«vt«*«vn 

ft#, of for Tbfm*p%mm Enitm iiiah T*»io*i 

Illitrwiillttii with Htef Iff an4 Bt«f tiwti» 

primary cummta <if a awramd m*t uf tmxiafnrsn»m $ti whirli tin? 
prmmttre in iner*}****! to 10,000 nr 20,006, «r mTiJifeti#? flitt liti« 

pmmwm thUttmhml iifmii may kt, And tin? wiitii* j4*re#ei may take 
plmm at tii© ciiftitituiirN etui Tin* linn praMMin* may l*n mituswl firm 
to 2600 or 8000 volt*, and any motors that «um work tug at lliiil 
ppsiistiw «iiji|i!i«i fnun the secondary mil* «f tlii# lm% m t of ttmtii- 
iina«f» P atuf ft j*irtian of tint eiiwviil taknti to a womi ktidb of 
latiifciriiiiiri wham if » indue**! to fiOG, «#r whatever fti« worhifig-* 

{ rnmum of tli© ciltief ntotmu may imt # and thin may bo outiial faithar 
iy a amall pcatiou t»f tli# ciimnt by aajpamk» tfiiwiinii»ri, 

apadully ta 166 or IICI toll# for tin? iigliliiig »rtk#, Aa aaplaitual 
aW» tb# mtary ctinvortor w a lifitiiforiiirr m woil m a ronrorfur, innl 
v ot^loyad for tiiii pir§»** # within ttiii llmiiti «f it« mwn 
rigi, IH3 and 104 mm 4mgmm$ of emnacikma for fiifli 
til» high liiiiiiiiii thmt-pbaao diitirikirioti. 
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The Main Switchboard 

By the Home Office Regulations for the use of electricity in coal 
mines, it is necessary that a main switchboard shall be provided. It 
is also advisable in every case, whether required by law or not. The 
main switchboard is the clearing-house of the generating and dis¬ 
tributing systems. The current from all the generators is brought to 
the main switchboard, the current for all the motors, lamps, etc., is 
taken from the main switchboard. The switchboard itself consists of 
slabs, either of marble or enamelled slate, the marble, if chosen, being 
free from metallic veins, the slabs being mounted on a steel framing, 
fixed vertically. The slabs are known as panels, and there should be 
a panel for each generator, a panel for each feeder or distributor set of 
cables, and panels for each auxiliary apparatus, such as boosters, 
accumulator switch gear, etc. On each generator panel there should 
be an ampere meter, showing at any instant the current the machine 
is delivering, a volt meter, showing the pressure at which it is being 
delivered at the switchboard, switches to disconnect the generator 
completely from the switchboard, one or more circuit breakers as they 
are called, to disconnect the generator automatically from the switch¬ 
board, fuses in each lead also, to disconnect it automatically from the 
switchboard, and there is usually a field current regulator, generally a 
wheel fixed in front of the board, which turns an arm over a succession 
of contacts arranged, the successive contacts cutting in or out succes¬ 
sive lengths of a resistance employed to regulate the strength of the 
current passing in the field coils of the generator. On the generator 
panel also is often carried a meter, showing the number of units the 
generator has furnished during any period. It also sometimes carries 
recording ampere and volt meters, designed for the same purpose, 
these giving a record upon a chart, similar to that of a barograph, of 
the variations of pressure and current furnished by the generator 
during the twenty-four hours. Each feeder or distributor panel 
should carry an ampere meter, switches, circuit breakers, and fuses, 
for disconnecting it from the switchboard. It also sometimes carries 
meters showing the number of units delivered to each feeder during 
the twenty-four hours, and sometimes recording ampere meters. It 
is also sometimes arranged to have pilot volt-meter wires at certain 
distributing or feeding points, as, say, the pit bottom, the distributing 
point in-bye, etc., the pilot wires being small signal wires, and in this 
case being connected with a volt meter fixed on the feeder panel, 
showing the attendant the pressure at any instant at the distributing 
points. A recording volt meter is also sometimes fixed on the feeder 
panel of the switchboard, recording the variations of pressure at this 
point. 
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The accumulator booster panels will carry ampere and volt meters, 
switches, circuit breakers, fuses, rheostats, etc., enabling the attendant 
to completely control the working of this apparatus at the switch¬ 
board. 

Where three-phase currents are employed, and the bus bar 
system, explained below, is also employed, synchronizing apparatus 
is necessary. This is carried on a panel by itself. By synchronizing 
is meant, arranging that the pressures and currents generated by the 
machine that is about to be connected to the service are exactly the 
same, at any instant, as those already in service, the currents and 
pressures rising and falling exactly in unison with those already 
passing in the system, and for this purpose it is necessary to have 
some apparatus which will show when the two are in unison. 
Synchronizing apparatus is described on p. 249. 

There are also switches arranged for connecting the feeders to the 
“ bus bars/* and for connecting each generator to them. Plates 12a 
and 13a show main switchboards suitable for mining work, and 
Plate 12b shows the back of the board shown in Plate 12a, with the 
cables, etc. 


The Parallel or Bus Bar System 

There are two methods of arranging the connections between the 
generators and the feeders or distributing cables, known respectively 
as the “parallel” 0 ^ “bus bar” system and the “independent” 
system. In generating stations for town supply, and for the distri¬ 
bution of power in the counties, the bus bar system is almost 
universally employed. It has also been adopted in many of the 
collieries where power stations have been laid down for groups of 
mines. In the bus bar system there are two or three substantial 
copper bars fixed on the main switchboard, usually behind the board, 
though some firms prefer to fix them above the board. The generators 
which are supplying the service must deliver current at the bus bars 
at exactly the same pressure. If the pressure delivered by any gene¬ 
rator at the bus bars falls below that delivered by the other generators, 
it not only cannot deliver current, but its own coils become paths for 
, the current supplied by the other generators, and this was the author’s 
.great objection to the use of the bus bar system in private works. 
: Where, however, the generating station is of sufficient size to warrant 
keeping a sufficiently skilled attendant at the switchboard, the danger 
.practically disappears ; and, on .the other hand, the bus bar system 
enables the. engineer-in-charge to conveniently distribute the load 
between the machines in service as he pleases. Figs. 105 and 
106 show the connections for shunt-wound and separately excited 
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machines, when connected to the bus bars. As explained in 
Chapter IV., the initial pressure created by the armature of any 



Field Coils Field Coil.5 


Fig. 105. —Diagram of Connections of two Shunt-wound Continuous Current 
Generators to a pair of Bus Bars. 

generator is subject to a charge for the passage of the current through 
its coils to the brushes, and this lowers the actual pressure delivered 
by the machine, exactly in proportion to the product of the current 



jTnnrdnnmn. 




EjtaTirMa Dynamo 

Fig. 106. —Diagram of Connections of two Separately Excited Machines 
to a pair of Bus Bars. 

passing, and the resistance of the armature. When no current is 
passing, the pressure at the brushes is the initial pressure created by 
the armature, and it becomes steadily less as the current passing 
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through tins arm at urn Tin* enginoerdii'rliafgt? Itmt a? ftw 

command two variable quantitm#, with both continuous mid niter- 
miting current machinon, hy which ho eun alter tit* 1 jm*H/a»v ut will, 
via. flm hjh’wI at whirh a machine w runnings «nd the exciting current 
inuring through tin* coils of its hold ningneM. In jirjuiiri* flu* s|»e* r »t 
m not much allured with continuous current Jinirlituea, mol not l** 11 
large extent with alternating current machine?^ fIi#* proasimt 
raised or lowered hy switching out, nr in, roTtmirr in tho hold oelm 
hy tho rheostat on tho MvitehU’ard. Whon tho tuaehinr* whether 
continuous current or alternating, in hmtvjht into ^mir, if the jmm* 
wire it is delivering at its terminal\ when no min i}} i,* }»a dug, is 
ox ad ly tho same iu tho {treasure existing hofw«*»ii tho b?j >; Ln ,1 at the 



hnmimmz 



Fif #, 107 - Lingriifii of I mi $m te * n ** r 4 tt » risw * Xr*v 1* t ** 

tfaiw Hit* If#?#, 

instant, it will farm* Ii no runout to tho outer ?>»* vi* e, and, on tho 
other hand* its coila will not jaovide a juttSi for mn^nt from tho other 
timohittcs, If it a |#rem*ue m ultfto that of flit* \nm ban, it mill imiiir- 
diutoJv fitritidi current to tin* ajatetit, until the ohm go made tipai it a 
initial jirowtmdVir tlir jr*.w^?igo of tho ninoiit hiiuga its \tmm%w at 
the bus burs down to tho j#tiit§tiitfe of tin* offer tnarlmtea delm-riiifi. 
Ifhy increasing tin* excitation of any given generator* tin* |#ro 
portion of the Imiil ii take* fa ifirimwh and hy ifamrmm# llm 
m dtetitm, th<i jiHiportion » drwawl, providing tlmt tho stemti 
fiinttilnd to tint ongiiiii timing tho generator k jaojictrisotted to the 
work Ilia machine 11 taring culled upon to prfonio llmm if will 
lit imn tint, providing tho tugiiiwirdii-rJiiirgii met thr mtUthhmnl 
a ttomiant umknitanrl llm nmUm\ ih* flbdrihtitton of tho tend irtwms 
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the generators in service is a very simple affair. For instance, suppose 
the station to have been running on light load, with one generator and 
its accessories furnishing the whole of the current required, and the 
heavier load to he gradually coming on. The engineer-in-charge will 
run up a second unit to its proper speed, arrange its exciting current 
so that it furnishes either the same or a slightly higher pressure than 
that of the bus bars, bring it to synchronism, if the service is alter¬ 
nating, switch it on to the bus bars, and then gradually increase the 
pressure it is generating, also increasing the supply of steam or gas to 
its engine, till it has taken the proportion of the load he intends it 
to. If the station is run with a small machine during light load, and 
this machine is allowed to rest and cool during the time of heavy 
load, he will gradually relieve the light load machine of the whole of 
its load, bring its pressure down to that of the bus bars, and then 
switch it off. With alternating currents, either single, two or three 
phase, as explained, it is also necessary to bring the incoming machine 
into synchronism, and this is done by the apparatus described below. 
Fig. 107 shows the connections for three-phase generators, when con¬ 
nected to bus bars. 

Synchronizing Apparatus 

The earliest arrangement of synchronizing apparatus consisted of 
two incandescent lamps receiving current from the secondary coils 
of two transformers, the primary coils of which were connected, one 
to the bus bars, and the other to the incoming machine, the two 
lamps with the two secondary coils being connected in series. When 
a machine was to be put into service it was run up to speed, its 
pressure regulated, and then the synchronizing apparatus was con¬ 
nected. When the currents from the machine coming in, and the 
bus bars, were in synchronism, both lamps would glow brightly, and 
the light would vary as the machines got in or out of synchronism, 
the changes being very visible in the lamps. In some cases one 
lamp was employed, connected to the two secondary coils. When 
the lamp was seen to be burning brightly the attendant would switch 
the machine in, and if he had judged rightly the incoming machine 
would then take a small portion of the load, which could be increased 
by increasing the excitation of the field magnets and the steam 
supplied. If he made a mistake when synchronizing, either the 
incoming machine, or those in service would receive current through 
their coils, and the synchronizing current, as it is called, would tend 
to pull the machines into synchronism. The synchronizing current 
sometimes strains a machine, especially if it is a heavy current. 
Apparently the machines themselves dislike a synchronizing cur¬ 
rent, as in some cases they give a loud screech. The later forms of 
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apparatus conniHt of dial ittntrtiiiieftG fixed *»ii tip* ^yni-hrom/.m;* 
panel, carrying ncmdlm in front which nsnw f»» thi* n^ht or In tin* 
left, according m thi* j>erindirity of fin* incoming machine h greater 
nr lean than that of the him hum. Tin* pyiiehrofu/era or Nynehro-wi»j*ea 4 
im they an? allied, connint of eoib of wires carrying current 1 * taken 
fmm the him bars and fn>m the incoming machine, and the arrange¬ 
ment is very similar to that of fin* induction motor. When thn 
iiii4i:liim»s urn out of Hyiirhrnnhin on** of tin* n*iL t«*ntIn to turn upon 
ifn mm, it being movable and carrying » needle, ami She o\tej»t to 
which it moves allows how much the menming marbim* a »mf of 
Hynehronhm. It m evident that tin* lamp nyr-f«*iu and fin* dial 
Hynchroni/er can hi* numl together, htif the dial s> imht**m/rr a 
gradually displacing tho lump system, an being better. simpler, and 
more accurate. In Amorim the !aiiip rydem wwmked mji opjio/sfr 
linen to fhomi which rule in fliia mtmti v, Synchronism was aip*wn 
when tin* I am pa wore dark, In f Ip* anfhoj 4 opinion tin v* liridly a 
aatiafaclmy amingemcnt, aa there ih n large jtortmn «*f fin* pmnttre 
of liny lamp aorvice during which tip* lamp m perfectly dark, 
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Thn paralleling of nhmih wound roitfttitfoip mrmml machines m 
carried out as ahown *m ji. 247, hut it m Miiiiiotiiiimi m advantag#, 
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delivered from that point increases, and it then becomes not quite 
such a simple problem to connect the machines in parallel, to 
ensure that each shall take its share of the load it was intended to, 
and that the current in the series coils shall not vary the pressure 
delivered by its own machine in a manner it was not intended to. 
The connections to the bus bars are arranged thus : the positive 
brush is connected to the positive bus bar, and the end of the series 
coil forming the other terminal of the machine is connected to the 
negative bus bar, and what is called an “ equalizing ” bar is fixed on 
the switchboard, and connections are made to the equalizing bar 
from the negative brushes of all the machines in service. The object 
of the “ equalizing ” bar is the same as that of the equalizing 
connections mentioned in describing the construction of multipolar 
continuous current generators, viz. to maintain the pressures between 
the positive and negative terminals of the different machines at the 
same figure. The arrangement does not interfere with the distribution 
of the load, it merely ensures that the pressures of each individual 
machine shall be the same. The connections are shown in Fig. 108. 


The Independent System 

In the independent system, which the author strongly advocated 
for private works, and which he still advocates in those cases where 
the plant is small, and is left in charge of an unskilled man, each 
generator is connected directly to one or more sets of feeder cables, 
there being no connection between the generators themselves nor 
between the sets of feeder cables, except when two or more are con¬ 
nected to the same generator. The working arrangement is as follows. 
During light load the one generator running will be connected to all 
the feeder cables, and will supply all the current. When the load 
commences to increase, and the additional units are to be brought 
into service, one or more sets of cables are switched over from the 
light load generator to one or other of the new generators, as they 
come into service. When the load decreases again, and the full load 
generators are to be taken out of service, the feeder cables are 
gradually switched from each of the units on to the light load 
machine. The switch arrangement is more complicated than with 
the bus bar system. It will be seen that in the case of the bus bar 
system the whole arrangement is simplicity itself. Any machine can 
be withdrawn from service by throwing its switch open, and any 
feeder can be disconnected from the system by throwing its switch 
open, though this should only be done when no current is passing. 
Further, except in case of accident, the whole of the feeders remain 
continuously connected to the bus bars, the only changes that are 
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made hetitg in connecting «»r iIiMc^.#iiin*rf 11114 successive generators. 
With tin! independent system* however, two distinct ojieratmua have 
to he performed, the feeder rubles have to he dift'oun«!cted from 
tin 4 machine from which they are receiving current lit the moment, 
and e*#nneetrd to the machine from which they are mm* receive 
current* this involving a distinct break in tint service ami a wink in 
tin! lights, though this may not h* serious, The arrangement aim* 
involve!!, sometimes, Home complication where flier*' are several 
machines, mid a great deal of care at the switchboard to 11 void 
timing. 

When there are only two machine \ a - in the, * .d* of 4 mull 
mine, the arrangement on the independent iyvfriit n very imple 
Each feeder ha . a '‘two-throw** ^-witile a* it if called, arranged 
with its contact far permanently euwierfed to ohm harder 1 ahk, with 
continuous currents, and with the thin- cent ad har or the tour 
contact bars connected to the three nr four rabid, with thirr »>r two 
phase alternating currents, Tlir rotifad harautv faced hy two uric of 
rontarts, filial widely apart, ronnurted u* one fi riiiiiinl of nedi of the 
mardiinea, the other tmiiumh of all the maTind \mng roinin fed to 
a common retain, to which ahm the return tables of the feeder-* are 
also connected, When if k dedred to match over it given feed* r from 
one machine to the other, the contact Par is %*ry ijun kly dr connected 
from the contacts with which if k in 1 onnrctiou, and rapidly pit died 
into contact with the other set of contacts, the opejation only occupy¬ 
ing a few' ifitooinN, For more than two machines, almost the «niy 
arrangement inwahlit rui similar mu* to that winch was explained in 
cornice! ion with telephone exchange service, lino si t of U'tmimh 
of nil the marltiucu and one pf the dihtnhntot 1 are i “injected 
together with continuous riirmit rmichmd, and the other immonju 
of the machines are connected to their own bars, winch are fined 
either horizontally or vertically, the two nvUi of ham having hold in 
them where they ntm, and connection being umdr hy plugs j»dng 
through the two. The conin*rfioii Itim to h** mud** from one to the 
other with this nyiiteiii very quickly, and the author dne% not mw 
how if ia possible to nrriitigi! a system in a mine, with two or three 
jthfffie currents, since nil switching tnir-if, la* aWdutrly tiwtaiitaiif^iii ». 
The iiulejuaulenf system, however, with iwifrlititg «n flumi* iitm* wjm 
rarried out for some time nt 11 few nf the town idorfrunty geiutwltiig 
KtfttiwtN, hut is now practically dkpliiml everywhere hy the hn§ t«f 
•yttiiin. The authors (trivial* would kt to employ tint i««df*petiditt>t 
iyatent where the plant is tmutll, ami a atumdatit caniiut he 

afforded, but to employ the kti btr tyttfeitj whtw mm* llutti two 
mmhinm m emphiyech and to alim employ m itteiiilaat of mf&mtmt 
•Mil to fhsal with it # whatever tin? nm% may !«, 

The atimn^ment of turn mming efttdi nfliiir at right for 
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connecting machines and feeders, i-i used with the bun bar system, 

hut switching there only take! place when tin* current in c»ff, other 
switches having been ojiened prevent dy, to break tin* connection. 

Switchboard dear for Hi^h Tensions and 
Hxtra High Tensions 

Vut liiyii truKiun, him! ui>>n< jmrtirulurly fur cstm Iii^h tcjiHiuiiH, 
when*employed, K|*?cial arrangement# are necessary, huth to proton! the 
witclikifirit attendants, to prevent tin* formation of ares between the 
different j#*r turns of the nvtteh gear, and to prevent the breaking down 
uf flit* insulation different fjorffotw of the switching apparatus, 

by the leakage current winch is always pausing. The usual at range- 
iiiHit employed is, the switch gear for each generator, and for each 
feeder is Hitilosod in a Hepamte rolk built up of brickwork, or nome 
uiuiibii arrangement, and with a mb vmutifi! thickness l«*f weeti adjacent 
m*IK The same yy Went it adopted in connection with tin*noli arrange* 
meat as on the switchyard. Then* wilt la* the switch, the circuit 
bnvilew, fuses, transformer! where re* pitted, in one net of rolls which 
will bo divided, in explained, from the next set of cells, met each of 
the cells belonging to eirti set will iiH* bn divided from each other 
by brickwork, or similar arrangement k The* nwitche i lire worked 
elr^treftiiigiictkally from what r« called an operating board, fixed 
UHtnilty in front of, tint a lifth* distance from, the switch cells. Ihi the 
o|*»mfmg l#*ard tint smaller switches, which enable the wwitcliboard 
attendant to ojiemte I lie largo witches in their cells, The main 
switches lire usually airatsgrd mi that the working contacts are enclosed 
111 11 tank of mi, dinilar to that employed for the immersion of trims 
fortune and n common arrangement is, two vertical rods, lepreseuimg 
the two hied contacts of the ordinary switch, prujcrit from two 
urmkfors almvr, down into the oil in the funk, where they are fared 
by a contact ptiwe, which n moved by n third vertical rral coni tolled 
from above. The contiict rod fa mnnntimm moved hv an electric 
motor, and «oiiirtim<»i by a iioluntiid* The li T. II, C?o. employ n 
f*uit«r* the Wediftghouse i*u a solenoid. In either mm * the motor or 
the solenoid are nitpidbid with current front a low* tension service. 
tiOMirollftd by a awitclt on the operating awitehl**#*rd» and when the 
nwikthtemil atpunfant cl mm the switch on the operating awifrh- 
buacti, * mmtn% pmmm round the motor, or the solenoid i oils, causing 
them to tnovn thecontact lair into umumllun with the vettirni contact 
piece*. Wlttn the awitcli fa to tie opened, the controlling switch 
on the cijwritfing tempi k optied, and apritiga, weight*b or other 
wjtiivaletti um*hmfam come into ojatration, piiidiing the couiaH l*ai 
away fit an the fixed emitw't p# 1 «» and openmg the circuit, the mr 
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whirl* in funned lining in flm oil in lim tank, and hiditg *jui**klv rxftm 
gukdird l*y it. Thin umingriimut iniiy k* employed ldr any prelim** 
from hfd) upward#, hut it is usual in mining work, after tinU \*i|h 
have hern ptiuHnd, to go dirert to gouo or 'itHIM, preferably the killer, 
1111 it in the limit of high Iminion working. It. k of more imjiorbinrr 
to enelune llit* coni art within ?4*»pamt«* ndk.a# dryrrikd, 

an the pressure inemises. Plates !4a ami 14lt show a Ferranti 
three* phase 10,000 volf swifeh, eledrirally operated; ami Pktei ! k 
ami 14ft and 17«\ Ferranti's milling ami high tension switrhes 
operated hy hand ; and Plate 17 ft Messrs. fteyrnlk's high tension 
three-phase hiiiid switrh. 


Substation Switchboards 

8witehk>arda are neeessury lit all mth-efalioft y that ji to eyy, 
wherever the eurreut 11 m-eived for distribution from the tmm 
switchboard. Where t ho mim* rereiv* a current from 4 power station 
supplying a number of mines, h«uuc form of swalchkard n neros^iry 
to mini with it on if*? arrival, Figs. JUtP and 1 Iff show the cottier- 
turns of n nukMathm switchboard for colliery work, taking nnrmit 
nt fUHftl \olf% and trim -forming to i!0ff«h arranged hy Menm. 
liryrolle Aho ( at plants Mief i m pit k*f!oiu’u dhtrihufixig pint * 
in-bye, et<\ t which may ho tented /mb 4 ulmmu sw!!<;ht»mirdh urn 
nmmmty. Tin* switchUiard* for dealing with nine tit received nt anv 
individual mine, from tin* main generating station will la* u 
replica of tlio taunt awifehhoard, there king one panel eorre^pndmg 
to the generator pane] 3 of tie* nmm switchboard, for the tmtml 
received from flu* tnuiti generating itbtliojg which will have an umpre 
meter, 11 volt motor, main it watch, rirmiif breaker* mA fitnr\ with 
ttumirtmie* meters mul recording volt imd mnjrro meter:' Tiro dedri- 
liutor or feeder paneb will k* counterparts of ih»* dhfribuior and feeder 
jmrtek of tin* niiiiii switehbmrd, kit limy may !** <umdh y, Abo, nnii^t 
motor genera!«ra are fixed in the mile 41111014, ibeir will U * no reddaiute# 
or yJt«tt§Mif # kit wliete they urn employed, a* mfyjulM m prcvmtia 
rJisi 4 < # r« f they will have jnitirln of tlrnir own, mrmpjmi %wy mmilmly 
to tlifi jnindii id* tin* tiiiiiti wilrJitiijftfft do^gsiod for tiio mm** pnrjum 
Tlin switelikiUrdii for mtrh ?mk Nation a m tin? pit kdtoin #iti 4 
dktriimtmg pint# in-liyo will ckpnd for flirir * 4 r, npn wliui 
tkiy Imvit to drill with, WIn*rr n high pwmwt firrviro w *MmmA 
** * %m pit b&Umit inch m IJOOtl volt.^ ttm mh-% t#fimi nmirhymul «t 
' k»ft 4 irii # •lifiiiW \m #f mmwihmft tlm m mp dtmmrn m the «fll 
‘k dwcritml in with the mmm mmMmmmtB, 

t itiipirtanc# that munntmin ut tin* pit tmltorn ifmtihl tmm* 
of nwiviug idiockn, Urn* naptupA 
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that is in usr at flit ICwtll Dtiftiyn Cm/h ruliitrit i, supplied by tbt 
and sh«*\wi In Plat** IOt, whtrt* I'UOO volt.nun* tiiktn 



l%i, t4 (.Vittfcwtlwt* *4 ft Hist# itfJiiOt Hwttot4t*>«ir4 *t * 

•rm«§if#fl u* uric* from m Vfm*t mi V«4N *ttrf tlutrihuto 

li ml lli© Cwtlkrj ml mm Wilt*. 


U* lilt pit kitltiin m, lirttlt r#*ll# art* built in 11 tfj»ft$l#tr m*m tin* §*i! 
krHtom, cut ctiit cif tlie mill in tlit tpmfil wny f utid liit w}i* 4 *« « 4 ‘ tlm 








f%f« 1 lt)»«—I^| til wtirrfwt III fig Mtf# # 

il m Tmmlmmm* mi Kwttrfe' t$mr, 

ttlitll flit* Qttuuwiinu lit'iwwti flu* «*i«t#|4y «ml#li* §§f§iJ lliii iwilcli §p^f 
it broken, lliii Wag l*y n t§4tW in fWmt «f lb# door, 

ilialkr to titut mml for rltwlmli m a mitchhtmtl, TIp mmmmmtm 
ifntriiiii#fnto fur imli «#f ft«$ rrll« a?«t nn tlw brickwork Bbmm flit 
m i\m til llmt m mim m in *mtk «jf Urn mtmiU mm I# mm, 























P IjA.tr 17c. —Perranti Mining Type, Plate 17 d. —Messrs. Reyrollo’s High Tension, 
Oil Immersed, Gas-tight Triple Switch Three Phase, Oil Enclosed Switch, with 
with Puses. Oil Tank removed, showing Contacts. 
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As explained, in every Hub-.Htution the humming ruble from the 
generating station fakes tin* place i#f the ruble from ilm generator 
itself, liiiti this titles in the present instance, tin* rubles, which ant 
three phase nt the Pewell IhiilVyit C<»/s works, being commoted to 
three 1ms bars lichiiicl tlit* cells, the connections between the bits bars 
ttiifi the switch gear in the cells Iming broken whan the door is ojien. 
One of tlie cells answers hi tin* generator panel, and tbe others In the 
feeler panels. Fur roiitirnimis riirrent two ware service at pit 
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lu*. llt,- 4 >kfr«ii of 
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,0 J v .* U i 0 1 % , 

4 1 > 4 ; 

> #; j# / 4/ jt 

4‘ jp«, _ 

0 s t C i r f **"V t* 
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bottom*, «t<\, ull that am ntw.mry nri\ Hwitohon and fuwK and |<r«- 
fmhly oimiit hroakorn »m well, to diaisonnwt the mipply Million nntitoly 
from tho mini, just an this gonorator w dinronnootod from tit** awitoh • 
board, arid awitchtw, fiiw*, and rirctut broakor,<t for oadt Hist of miMmi 
loading from tin* Hwitrshboard to any givon district, or to mtpjdy any 
givon group of motor*. It is wiw »J*«# to Iihvo nmnJ?r»* motoni on 
both wipply mbits* from th« itorvico, and on tin* branch fmlor rubloft, 
and thorn nhouM In* a volt inoti*r nonnoflUsd to th«* Hiipply onbliM from 
this wrvice. Thi* wholes should Is* motmtod in th«* tiHiod way uj>oh 
*!al«i of nittrhh* or onaimsllod idatis fixed to stool framimr. and should 
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cither lx* placed in im inaccessible jsmition, as in tint deputy's cabin, 
or should Imi placed in a locked cupboard. A form of Hwitddiourd 
for use in underground engine bouses that is finding favour, and that 
is employed even with high tensions, consists id the usual panels 
fixed to iron or steel framing, with tin* switch gear instruments, etc., 
mounted upon it, the whole 1 icing enclosed within a substantial 
cuplsMird of wire gauze or wire netting. I be arrangement has the 
udvantage tltat tin* apparatus is protect «*d from accidental contact, the 
wire cage being locked, while the apparatus it sell can lie seen from 
outside, and any trouble that is visible, noted. 

For distributing joints in-bye, where, the sjau e is often very 



4-Way Diatributiof Fuat Box 

(Co*w puiiy r«mo»wl, uttewisg Hwatao «t Hsakst «*1 ftext 


fto, showing M««m Mmw A Pam MMn|| flu, 

uwd with th»tr Uanentitrie ttuMwo 

limited, and where Ittrfh the ground and any supports that aw avail¬ 
able may las moves! frequently, enclosed iron bow*, made sufficiently 
strong to withstand the rough wear and tear of tins mine, hut suffi¬ 
ciently portable to 1*» moved fairly easily from place to place, are to 
be preferred. The iron boxes should !** matte gaslight, and Urn 
cables mitering them should pas* through gaslight glands. Him 
should also be careful provision against accidental connection between 
the conductors of the cables, and the iron of the boxes, Hut boxes 


should always contain a switch, double, triple or quadruple pole, for 
completely disconnecting thu supply service from the hex, end fmm 
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tins cables supplied from the box, and it should be arranged that it is 
not possible to open the box if the supply switch is closed. There 
an! several arrangements on the market ensuring this, the principle 
of the whole of them being the same, viz. the door as it closes either 
pushes in a plunger which unlocks the switch gear, or turns a lever 
which, when the door is open, prevents the switch contact arm from 
moving into contact. Plates if»<\ ltbv and 1 tin, show forms of these, 
also Figs. Ill and 112. Arrangements may Iks made, for connecting the 
branch cables through what are known as switch fuses, which perform 
the double office of a switch and a fuse, as their name implies. They 
consist of fuses of various forms, carrifd sometimes betwtMm a pair 
of clips, sometimes in other ways, hut there is always a handle of 
insulating material, arranged so that the hand of the operator is 
protected from any are or spluttering of metal that may take place, 
when either the fuse “ blows " or the switch is ojamed. If any excess 
current paiae* through the circuit the fuse is protecting, the fuse 
“ blows," and if it is desired to ojten the circuit, it may i>e done by 
pulling the, fust* out by the insulated handle provided for it. It 
should \m noted that it should be part of the arrangement that ftase* 
can only be changed, anti the fuse switches only opened, when the 
supply switch is also open, this following naturally where tins 
hc»xe* cannot 1st opened wit hout first opening the supply switch. Fig. 
113 shows one of Messrs. Mavor & Cmiltwm’s fuse distributing 1 sixes, 
used with their concentric cables. 

For to road connecting lmxos, such as must lie employed for 
ooat-cutting nmchinos, and that may he employed in certain eases for 
pumps, and other apparatus that are moving forward, all that is 
newasury is, provision for connecting and disconnecting the two, 
three, or four cables, and for their being automatically broken by 
fuse* blowing in case of short circuits, the whole being enclosed in a 
mutable iron ls»x, that cannot be opened when the circuit is closed. 
The arrangement of the connections of flexible cables for coal-cutting 
machine* to gate end boxes will be discussed in connection with the 
machine* themselvirs. 


Measuring Instruments for use on Main and 
Sub-station Switchboards 

Instruments used on the switchboard* are of the moving coil, 
moving iron, gravity, and hot wire types, described below. Electro¬ 
static voltmeters are also employed. They are made in the circular 
form, with dials occupying approximately half the circumference, in 
the sector form, giving a large dial with comparatively small move¬ 
ment, and on what is know 11 as the edgewise jiattern, The edgewise 
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pattern is really the sector form with the dmmifemiee of the sector 
arranged for the scale, and turned towards the attendant. The 
circular instruments an; made with from 8 -inch dials up to 11 inches, 
the sector instruments having scales rather larger. For the measure- 
ment of continuous current strengths above a certain figure, the current 
is shunted, only a fraction of the actual current measured passing 
through the amjmre meters. With alternating currents transformers 
arc used, where the currents are above a certain strength, tin* current 
to he measured passing through the primary coil, tin* secondary coil 
of the transformer king connected only to the coil of the iiiiitru- 
ment. Forms of transformers are shown in Plates 17a ami 17ft, for use 
with switchboard instruments. For pressure measurements, resist¬ 
ances are employed with continuous ciirriuits, and transformer* with 
alternating currents, the pressure at the terminals of the instrument 
being a small fraction of that of the actual line or generator. The 
sector typo and the edgewise type are frequently nrriiiiged with their 
dials illuminated by incandescent lumps fixed nlmvii the switehlamrd, 
the ctmnections king brought up to them from kdiificL 


Moving Coil Instruments 

In tlm moving coil instruments there is a jtermanent magnet with 
steel pole pieces, unclosing it cylindrical space, in vihicli n wire coil, 
carrying a jxunter at its eentie, is pivoted. It in all imjwrtunt that 
the immanent magnet should In; of constant eocscive force, ami for 
this purpose a special alloy of steel, in which tungsten is one of the 
components, is employed. The permanent magnet is intrndt'd to 
create a constant magnetic field within the cylindrical space in which 
the coil moves, and the measure of the strength of the current passing 
through the coil is the angular distance through which it, b moved 
ftwivy from the zero point. The angular movement of the jminter is 
uniform throughout the scale, and the zero jmint may Is; either on the 
left or in the centre. The construction of the instruments of tlm 
moving coil type, for measuring voltage, and for measuring current, 
is exactly the same, except that the ampere meters are provided with 
shunts consisting of a number of strip of metal whoso coofTmient of 
resistance is very low. They are virtually millivolt meters. For 
instruments required to measure currents up to loo nmt^rea, the 
shunt is usually contained within the instrument itself, imt for 
currents above that figure it is carried in a separate cam 
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Gravity Instruments 

lit them instrument* there is a circular coil of wire, and inside 
flic roil 11 tm'mvnl shaped pirns of iron attached, hy means of a radial 
mumk*r, to a pivot upon which tin* jKiinter works* Tin*, instrument 
is fixed vertically, and in that position the crescent of iron falls to 
its lowest {mint when no current in passing, When a current passes 
through the coil* of tin? instrument, the crescent is moved out of its 
j* notion by tin* magnetic field created within the cylindrical spam 
inside tin* (’oil, the needle ] min ter moving over the dial in unison 
with it. Tins indication* of this instrument are not uniform. Tins 
instrument k made to mmiitire currents up to certain figures, as from 
f) to 12d volts, from If to Hid am|>um«, ami so on. In these ctwiw the 
indications up to *Jii in volfmeters are very small, the scale then 
gradually mreudmg out so that when the instrument is reading what 
hi usually the normal pressure, Hid nr 110 , differences of even i volt 
are easily din! iugui died* On the iitnpere meters the readings com¬ 
mence for ItJlf volt nmpbre meter at from 10 to 13 am{ sires, hut tins 
spaces of tlrn scale are very small, until the tMuglikutrliood of the 
figures the tnsfrtittteitf is intended to read normally are rtmcdmd, 
after which the spaces hticoine smaller again for high tension. 


Hot Wire Instruments 

Tlirni itisfntiiMiiitJ dejamd n\mi the fact that when a current 

pansis through a wire and limit is liberated, the limit causes expan¬ 
sion of the wire, flits «ix|«nsioii being measured by the motion of u 
fKiiiifor over u scab*. 

There arti two forma of lifts instrument* In one the wire which is 
to 1st limited ift imelowid in a long tube, with a cylindrical hrn at its 
nnd, narrying the pointer and dial on its fatal The inks may be 

fixed either in a vertical or in u horizontal position, the dial lasing 
arranged neminlingly* In the other form of apparatus the wire is 
eficdosed within a cylindrical case, fixed vertically, with the dial 
ixscsttpying the upper portion, In kith forms of instrument very thin 
platinum silver wins of high resistance in employed, th« wire nmul in 
the tttlw form lasing very long, while in the dial form m short* In 
kith tumm tins wire'in atroiehod tight, it being carried over pulleys nt 
tins top iiinl kittoia of the tiiki in Urn Song form* and m kept in 
tension by itumna of ii spiral spring. In tins inks form, this Inks 
itnoif is tamlti in two halves of two different moUilx, arranged no that 
tin) mxnmmkm of the two from the heat gimoraUxt in this wire shall 
iieutPiIiM ©nett other, and the indication* on the dial lie entirely 
ainliiial to the elongation of the wire from the hunt of the cumin 1, 
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In the hot wire ampere meters, the shunt principle is also applied in 
a similar manner to that of the moving coil apparatus. The motion 
of the needle of the circular and edgewise form of the instrument is 
damped by means of a permanent magnet, between the poles of 
which a thin aluminium disc works, so that the needle comes quickly 
to rest. 

The Electrostatic Voltmeter 

The electrostatic voltmeter is employed for measuring high 
pressures. The apparatus works by reason of the attraction between 
oppositely charged conductors at different electrical pressures, 
and the repulsion of similarly charged bodies, the attraction and 
repulsion being in proportion to the square of the difference of the 
pressure. There are two principal forms made, known respectively 
as the multicellular and the vane instruments. In the multi¬ 
cellular instrument, which is intended for measuring comparatively 
low voltages, there are a number of small insulated cells, formed 
of triangular brass plates, fixed into slots cut in a vertical back 
piece, the spaces between the plates forming the cells. Two sets 
of cells are fixed with their plates horizontal, and opposite each 
other, on a vulcanite support. The moving member of the system 
consists of a number of vanes fixed horizontally upon a light vertical 
spindle, in such a position that one side of each vane lies in each 
of two cells opposite each other. The vanes, with their spindle, 
are suspended by a fine, iridio-platinum wire from a torsion head at 
the top of a vertical brass tube surmounting the instrument. The 
pressure is communicated to the vanes through the wire suspension. 
When a pressure is delivered to the cells on the one hand, and to the 
vanes on the other, the vanes turn in a horizontal plane, the sus¬ 
pending wire carrying a light aluminium pointer over a horizontal 
circular scale fixed at the top of the instrument. 

Switches, Puses, and Circuit Breakers 

It was explained in describing switchboards, that switches were 
provided for connecting and disconnecting generators, feeders, etc. 
Modem switches are all constructed on certain main lines. They 
must all conform to certain conditions. In every switch there is 
a moving contact bar, which makes connection between two fixed 
contact blocks, or springs, to which the ends of the cable connected 
to the circuit to be controlled by the switch are brought, and the 
contact bar must in all cases be of sufficient size to allow the passage 
of the largest current the switch will have to control, without an 
appreciable rise of temperature. The surfaces of contact between 
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the contact bar and the fixed contacts must also be of sufficient cross- 
section to allow the passage of the current from one contact to the 
contact bar, and from the contact bar to the other contact, again 
without appreciable rise of temperature. The rule adopted by the 
principal makers of switches is 1000 amperes per square inch for the 
contact bar, and 75 amperes per square inch for the contact services, 
with the maximum currents the switches are designed for. Switches 
must also be so arranged that on opening a circuit no arc can form 
between either the fixed contact pieces, or between them and the 
moving contact bar. As explained before, when a circuit is opened, 
especially circuits in which there are a number of coils of wire in 
which a current is passing, the return to the circuit of the energy 
delivered to the magnetic field when the circuit was closed, and that 
delivered to the electrostatic condenser, create a very large increase 
of pressure, which causes a spark to pass across the break at the 
moment the circuit is opened; and if the break is not made of such 
a size that the spark cannot persist, in a very short interval of 
time an arc will be formed, just as in the, arc lamp, and the working 
portions of the switch, the stationary contacts, and sometimes the 
moving contact bar, will be seriously damaged, the arc producing 
temperatures that quickly melt brass, copper, etc., and that destroy 
the insulating material upon which the switch is fixed. 

There are two principal lines upon which switches are con¬ 
structed, which are really variations of one type. A favourite form 
is the knife switch, in which a knife blade, constructed of copper, or, 
in the case of small switches, of brass, is the moving contact bar, and 
is forced between two spring stationary contact pieces, when the 
circuit is closed. This form of switch is made either “ slow break ” 
or “ quick break ” Slow break knife switches are made for currents 
with pressures below 300 volts, and in them the quickness of the 
hand is depended upon to break the arc. In quick break knife 
switches a spring comes into operation at the instant the moving 
contact bar is leaving the fixed contacts, takes charge of the moving 
contact bar, and throws it quickly back out of sparking distance, the 
moving contact bar being constructed so as to move freely, apart 
from the insulated handle, or, as it is termed, with a loose handle. 
The Westinghouse Co., the Ferranti Co., and others have developed 
standard knife switches, in which the knife blade is always of one 
size and one thickness, and a number of knife blades are put together 
in one switch for different strengths of current. Thus a single knife 
blade will carry currents up to a certain number of amperes, two 
knife blades up to double the number of amperes, and so on. 

Switches are made to open the circuit of one cable, of two, three, 
or four cables, as required, and are termed single pole when they 
break only one cable, double pole for two, triple pole for three, and 
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bo oil Single-pole switches are employed f**r opening fin* rirrnii 
of one cable of a continuous current system, d*nilflrq»#Ie awitchos 
for opening both cables of a continuous current system, triple pole 
for opening the three cables of either a three wire nr three ptas* 
Bystem, and quadruple-pole for the, four wires of a t\%n jdia ^ %y 
It should, perhaps, ho mentioned that it if jim*y«,*rv to open all 
three cables of a three-phase, and all four ruble.? of u two-pine<• 
system simultaneously, except in they** canes where Loup. nr oth*i 
apjmratUB are connected between flic different pieceFig, Jf | jdiowt 
a form of double-pole switch, enclosed in an iron i \ vm \ intended L»r 
mining work. 

Switches are also distinguished as single and double break, ac¬ 
cording to whether the contact bur makes two breaks between tf^H* 



Fin, IM.—btfiiibli'Njtt#!#* Hwiirfi r«rl^*»4 in siw 1 '<*w iwjm!* 1 bp Ifi?. 
KJ*rIn<* A Or4ioinr<* 


and th« stationary nuntuH point*, «*r whether there i* i.uh «n<- 
lwtwoan the contact liar and tin* stationary contort itself Switch*** 
are very rarely made, and xhunld not i»* 11 .«»! ^here it ran 1** 
avoided, in which tlx* break if* Irtwecn th<* roiifart Jw and the 
stationary wntarf ■*, k*e»iu»? in that case tlx* current has «»» % 

through a hinge or some similar airnngerueni to iwlt tin i«mt x*t 
bar, and this is often a aottree of trouble. 

The knife switch has !**rn devehqwwl for single, double, triple, 

--'I quadruple switches, six it lends H a lf very readily to r. t » 4 ru* U<*» 

^ *hat two, throe, or font knifi* tlfti|i*4 ran Is* furred between their J 

intiusts hy a single maukfcsl handle, and can l*< with* 

'***»ly hy the same means. They have ahu l««-« 

’d double throw awitdnis. ’The single-threw 
has been ikserilasi, hy which a circuit is 
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rlo‘i*»l #*r **j#‘im4. Tin' douhlmthruw riwitrh i; tin* 4p , mril»mi in 
rmnmrtimi wish flm ** iiphijimulmit M 4i *tnhutimi >n*m # hy whirl* n 
rttnvni u thrown owr from mm rirruit hi uimf Imr. In Amorim 
tlioy nrr nilJml throw-mm ;»wih Imp* L’mtt p* f Im rttirmtl n thrown 

ovit from mm f^imrufor to aimthrr, or from mm knlri hi uimf hm* 

In lI p* thmhh*4lmm m knifr hwifrli, with h ipimit L tuml** for mmh% 

4»mhl*\ triplr, rui4 «{n;i4iiij»lo j«th% thmr urr « »fi#% l wo, t lit i*i% or four 

o of hnifi* Mn«|m Iitr4 tfiffiii* |pillrlli% o;irli J§4tr firing 1 Ilf inirli nil 

with mt*h nthrr that whm* ow* *n< of kitivim ti in rmmrrtim* 
with if i rmihPl \ f Clitf otlmr '***t it Wt41 rlmtr nf tltr ofhor mnhirl i. 
Th»*ru urn mm* two, thnm, or fmu min of rmihiHi hiring null m*t of 
knift* l#hi4«°n -in* 1 flu* ojrt*i nf ion of throwing mvh rut* a 4 ;* in tjutrkly 
furring i»iio hvl nf hk»tfM lulam* if.'i rmikirf i # at. tlm Mum iitiifimf 
flu* ntlmr : *1 of I4;i4f » Ir.iviir* if 4 pouf not 4. In nnnf fmr form of 
•|ouM»» throw kuifp mnfrin limn* in only um* :•»«! of litmlm whirl* 
pI-jiipI Vfitiioi! Ll%%vr?t two mil of tixnl mi a hmi/»»nhtt 

hi »*, 45*4 th»* oii* # nf hlipli'i v Itifiittn fjnirkly fnnii mu* rml of 
rmitm 14 ip I'm ;t fltfoti »li Pit mo of |H?j to tlm otltrr not, Cmihtrf ft 
fluT Wftlf nftP *rt of ‘>mi f irt /! hv <»fm f»4gr of tilt* I«il4*|«*r) # ilfl4 14 If It 
tlm nilti*r pi t of runhirh* hy tip* nthm of tlm 1»l*i4r/h 

In tin* otlmr jirsiioi|i,iI f «nu of n wilrh, whirl* in ’tmu* titum* ki»«*wii 
;n tlm * Itojijim nwifr}i # ,ui4 ^iiiiotinp*i By ulttrr tmnmh tlm f»M*4 
rmthmf ♦ urn turllmr ;iml I ho r##nin *1 htu’ in uumIo with it /itmi;sht 
|4**f4* i‘is«hti;r in ;i hri4^o of nmm form, itit In fill iiji I hr itjuirp 

||p* two hxM nmUui juh*o,, In tin* $>tin win it 
hwfitirifp mum* ymm itgo # Up* iftimng f#utl;trt \mt w;it hutlf tiji nf it 
smmtoT nf ihisi Uipptii ul Emit ronml it lar »l ftm nuirp, hi 

wlikSt tlm ImipIJo or nt«iviiig in *vhmmn win rmmprhtff, uinl flip 
pu4h ftprvM mil in tin* Onii r »f it hnitil^ Urn hru4i nworfiin^ 

ilown lust WHUI flip titmi Iioiilm t Itkrm, Tilt* f4l«i}*frr iinfrli »«4 Uit* 
lini4i nwitf h 4u no ltm4 lhpmiit4v>m mi rmilil? i*i thmhk jmlt% fii}4«o 
iti*4 <(niplruj4p {min mn ffnriimt in tin* kniff^iiwtlrlt rmnliinlimt 
4m*?K Tim irlitiii of flip Imn4 in fT*?«iin or ofimtstig flip iiwitrh h»M 
hi li» Isitiu»ntt^*4 t« ||$f iitcivtiig iunfurl I«im # ffimugti I#tm of hum < 
Itfiug iiiiIitpiE flint it n KmiiPttiitmi difliunlf hi lit tlip*p m* Unit flip 
wltolu nf ihm wmtmU in itn4 mil «f rmifurf sm4 m 

if m hi*Mmtmry hi pr«%44« jiitn working in nr imimiflnni.? iiiititkr, 
in ihn lutw i#f ifiHiiIutiiig nmh-tvAt itioin* 4 lm m*m with fiiiio, itmi 

futi*I ffi flipiw ilio switch mil of fpiti, 

For !mr^p rurrmik n fnrnt nf «witeJi hm ln^ui 4 «*vp1»i{#» 4 itt with It 
tip* rofihiPt ifi in;tf|i* klmwm mtlrifitfiliftl tuqt^r whifi* ftp* 

rmmit 14 rhr-i^l, hut in mliirli flip finiit hrmk i% iiiipIp bkwroit 
imrkm mntmthk fiiotl fur tip* juirjmm*, nmt nrriitr f m4 t« Iw imu*w*p4 
wlnm hitriipl mti* Tim nf limy h* in flm kntfp ui 

nmy uf kmimih # 4 r Iwmruig ngmint m ktiippn nf -ittoiuir) 
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contact pieces; but in all cases there is an auxiliary lever carrying 
the auxiliary carbon contact attached to the contact bar, and there is 
an auxiliary fitting on the switch base, carrying the auxiliary fixed 
carbon contact piece, which is arranged to engage with the carbon 
contact piece on the moving contact bar. When the switch is closed, 
the carbon contacts come into connection first, the handle operating 
the switch being arranged in this manner, the copper contact pieces 
then coming up as the switch is forced home, and being driven into 
their places. When the switch is opened, the handle first looses and 
releases the copper moving contact piece, throws it clear of the 
stationary contact piece, and then, as the handle moves on, it throws 
back the moving carbon contact piece, any spark that passes or arc 
that is formed being between the carbon contacts. This form of 
switch is arranged for double and triple pole, the different switches 
for the different poles being fixed one under the other, a vertical rod 
operating the three, the rod being actuated by a single handle. 


Fuses 

Fuses are intended to protect both the coils of generators, motors, 
and cables from the passage of currents that will heat them to a 
dangerous extent, and will damage the insulation. They are all 
constructed on the principle that certain metals have a lower melting 
point than copper, and that all metals in a very small section will be 
melted or disintegrated when a current passes ’through them of a 
certain strength. The principal metals employed for fuses are lead, 
tin, and copper. Alloys of tin and lead and other metals are also 
employed. Aluminium is utterly unsuitable for fuses, because when 
it is heated by the passage of a current through it, an oxide is formed 
on the outside of the wire, which has a considerable factor of cohesion, 
and holds the wire itself together for some time after the substance 
has really been melted, and therefore does not open the circuit. 
Lead and tin, and the alloys of lead, with tin and other metals, have 
two distinct disadvantages, they oxidize very freely when the current 
is passing, and from the moment they are put into service the current 
they will stand without fusing decreases, so that unless they are 
renewed somewhat frequently they are apt to break circuit at very 
awkward times, such as when an additional load is thrown on a 
distributing cable, a load that carries no dangerous heating properties, 
and that the cable should carry very conveniently. The other objec¬ 
tion to lead, tin, and their alloys is when the fuse “ blows/' the 
molten metal is scattered all round the place where the fuse is, and 
there is usually a good deal of damage done to the enamelled slate, or 
whatever the fuse maybe mounted on. For these reasons copper has 
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Itfru i*iii|11 p-nnl 4 tml» mi*l 11 thin oopjier wire pmjirrly pro* 
j«ctioitcf« iiinkrn it very grcul f\m* imlwl, It 4»#*.h not oxidize m 
freely m the tin and lend fumm do. It *h**n tin! Hpluttor ho iniirli tut 

they tin, mad it h generally more reliable. The Iiihi% whatever if m 
form, ronni^i# nf 11 idiort 1**11011 of wire that will curry the current 
tin* riililc* or generator L to deal with normally, hut that will molt, 
owing t« tlie heal generated in it, if 11 rnrmnt of nil jier rent., or 100 
jmt rent, or whatever the ftwi* limy l*« wet to ** Mow M at, arrive*. 
There im% however, wane diflir.ultiea in connection with fwteH. It h 
mwmiry in or* lor that I he fu*e win* iimv be included in flu* rirenit, 
tImt if aim 11 1 #> connected to mH.il hhtfk’i, to which tin* end.' of the 
wire.i of fit#* 'Till itl*m !»** ennnrrfcd, find fin- «»♦ Hock?* nli^orf* 11 

certain pillion of the heat hhetaled in tie* fun** wire, and they aim 
diftHpato n pirtioii rtf tl*o hmi, Tlih remits in (men varying in ilimr 
action with tin* toiii|nT4fiir«* id the fmirounding iitiii*njilm«\ In 11 
mid, draughty pa mm,?c a fitn* will often allow u very dangerim* 
ennenl to pue* where it would blow in 11 warmer atiieMjdiere, ttitrh 
$m mi engine juo*n, with 4 vetv intuit smaller nml wimnfittiea h*w 
llwiit flu! iioriiiiil mirioit| f Thk bin M to the development of wlnit 
are termed "euchred * fu>e-*, eHtieittfittg of wiiea of xm'mm mmUiln 
enelnw*d tndde of gliM or ttirfil tttl#e« # tin* tidies Iteing filled with 
variritt# ttttlfflfatieiv, Mirlt ;m oil wit It 11 high thwli point, wind, mh^nUm, 
mid client irak which art* designed f#i extinguish tlit* am which h 
form**! wlirii tin* inn* blow .1, It will h* tmder*i*w*d flint on** of ttie 
t rtuihlea in will* fine# it the poMthiltfy of nn me Iring 

formed betwm* the nevered ends of the ftn#* wnro, Kiirtomnl fuHt*a 

am |»riii|tiiilly rmnint? info N*rvirt% though thorn hnvo \#%m n»nm* 

fniiiipluiiik, in tlio vmn of fio** wnrri mmhmd in oil, that tho oil hm 

ttmt filial |»y til#* are fottttrih Iii $4 tint otiehpiiig Vft'twl hm 
A vnrinfioii of the onflowl fl»® wliirli tn iniiflo |iy Meiipo Jolin 
Eow*li*r # t **h, of h the In thin float, 

win* of 11 iTitttiii «vti«n I 1 * roVf*r»*#I with to a »triintnr 4 llurk- 

mm $ tlnil it ln*» \m*n enlrnkfrj will jirinnnit lint forniiitioti of nny 
are, nml that will prevent the ifoijn* of hint from lln? fm**, 7 hn 
itiiiiflftol fnm in mmhs for nirrout* of 2 tt afiijlireii, nmt 11 ntmil 11 
fw«I for any cmrcnl hy Htnplf intili$j 4 yitij* tho ntiiiil**r of ntnglo 
fiiii? wnre< fhi *4 Irtwivn (%mm Another p#int in r.orm* efioti 

with fttfiei in tin* miller of tin 4 ntphutoinmit of tin* tme wmm ntVr n 
ftwi liw ” Mown/ 1 Time i« off#ni of mnaitlomtih^ im$MUmw $ iiinl the, 
f*t«e Mirk# are alno nimrly nlwnti in iiirli j^eiition# tint 14 1111111 will 
nwive m aho**k if the rirniit to wliirli the lime m In # onm^lott 
alive, iti tint pm fd mphmn^f the (mm win** Ilenoo a hue of 
C««*8 ln« Jimi wwkttj mit, ill wliirli the fn?^* wim in nlreUdmd 
}«twern plmm nf iiir s tiil # liehl mmiHitn**#* hy britym of viilriuii/f*4 
lbf«% iurniftifit^ liy hrhlgei of jwa’kin ; ami again flu* hriitgo nwy 
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be a glass or porcelain tube, tbe porcelain tube, as explained abo 
in some cases forming the handle by which the fuse is replac 
In any case, the bridge is employed to handle the fuse by, and i 



Fig. 115. —Fuses for Mining Work enclosed in Iron Case. The Fuse on the 
Left has a Porcelain Handle for removing it and for using it as a Switch. 


metal terminals to which the fuse wire is attached are arranged to 
pushed between metal springs, connected to metal blocks form: 
part of the circuit to be protected. Examples of these are shown 
Plate 18 a and Fig. 115. 


Circuit Breakers 

The circuit breaker is intended to perform the same office as i 
fusible cut-out, but to be more certain. In all forms of circ 
breaker an electro-magnet is employed to open the circuit, and 
does so by either releasing a trip action, or by moving a lever bodi 
In all forms there is a provision for tripping by hand without danj 
to the attendant. Circuit breakers are made for breaking the circ 
of a single cable with continuous current, when an overload arri\ 
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or when the pressure of the service falls below a certain figure, and 
also to open the circuit if a reverse current arrives, as when machines 
are connected in parallel and one of them is motoring. They are con¬ 
structed to break the circuit of both cables of a two-wire service, of 
the three cables of a three-wire service, and the two, three, or four 
cables of an alternating current service. Plates 13c, 16c and 16d, and 
18b, 18c, and 18d, show forms of Ferranti circuit breakers. There 
are also special arrangements described below, for delaying the opera¬ 
tion of the circuit breaker. 


Time Limit Circuit Breakers 

For a power service the fuse has one advantage over the circuit 
breaker, it is not usually so quick in action, and the quickness 
of action of the circuit breaker in some cases leads to inconvenience. 
In the time limit circuit breaker a certain time must elapse, after the 
current arrives at the circuit breaker, before it operates. Time limit 
circuit breakers are principally of two forms, those in which clockwork 
is employed, and those in which electro-magnetic induction is made use 
of to interpose a lagging action upon the apparatus. In the apparatus 
in which clockwork is employed, a clock movement is held from 
running down by a pawl, which falls into a recess in a wheel con¬ 
trolling the train. On another wheel driven by the train is a contact, 
which, when the clock is released, moves into contact with a fixed 
contact provided for the purpose, and in so doing completes the 
circuit in which the coils of an electro magnet operating the trip 
action of the circuit breaker are included. 

Another form of time limit circuit breakers are operated by air 
pressure. In these apparatus the core of a solenoid is lifted or 
depressed in opposition to air or oil pressure, so arranged that it 
requires a definite time to overcome it, and if the short circuit is 
removed before this period has elapsed, the circuit breaker is not 
opened. 


The Ferranti Alternating Current Time Limit 
Relay for Circuit Breakers 

In this apparatus there is an electro-magnet with a core of 
laminated iron plates, its coils being energized by the secondary 
current of a transformer, the primary of which is included in the 
circuit to be controlled. The poles of the magnet are provided 
with what Mr. Ferranti has called “ shading coils,” that is to 
say, coils placed on the pole pieces, each coil closed on itself, 
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and the coils becoming smaller a« the core of the j»de piece 
iHJcomes smaller. 

A copper disc is pivotal fed.«« the jades of tin* elortre-magnet, 
and is free to revolve, its motion king controlled by u hanging 
weight, and retimled by an adjustable damping jternmnenl magnet 
covering a portion of its edge. The hanging weight carries a pivoted 
lever with a contact which, when the apparatus oj«*rates, completes 
the circuit of the tripping coils of the circuit breaker. When the 
feeder that is under the control of the apjMiratns has an excessive 
current jiassing through it, the eopjs-r disc is w*t in motion, and, in 
revolving, winds up the cord to which the hanging weight i f aiUe-hetl, 
When thei weight has l«*en drawn up n certain deJinite •li 'lanri*, that 
is, when the copper disc has made a certain immler of rev elutiona, 
the moving contact referred to makes connect feu with the fixiti 
contact, closes the. circuit of the trij»j>ing e<dl, and njteiri the i ircuit 
breaker. A certain definite js-riod, ranging up to thirty »ernmk must 
elapse, during which the copj«*r disc is revolving, and gradually 
bringing the moving contact jbcce towards the lix«**l confect pirn*, 
before the circuit breaker ran ojienite. If, kfore this j*rb*l has 
elapsed, the overload is n*moved, the copjs-r disc mutes to revolve, 
the weight revolves it in the opposite direction by itself. miming 
<lown, the moving piece king at the same time curried away from 
the fixed contact piece. The relay can Is- t to njierute with any per* 
centage of overload that may be desired. It is u«ually set for a 2Tt 
jter cent, overload, hut it can k set for f*0 or more, a* requited. In 
the working of the apparatus, the time which I'lapai S**for** the 
circuit breaker ojicns tie* eircnil is inversely proportional to the 
degree of overload, Tims, with a slight overload the eoppr disc will 
revolve slowly, anti the moving contact will take a comparatively 
long time in completing the trij* cirenit. With a very had short 
circuit the eopjssr disc will revolve very quickly, the triji circuit will 
lie closed in a very abort interval of time, and the rirruit will la; very 
quickly opened. 


Atkinson’s Time Limit Circuit Breaker 

In this apparatus there ia a tube filled with oil, in which a metal 
ball is free to roll from end to end. At the end of the tube ia a 
small chamber containing two contact*, one fixed and the other 
movable; the movable contact having a mica van® attached for 
the purpose of damping its motion. These two contact* efcw* the trip 
circuit. Under normal conditions the ink is inclined at an angle 
slightly out of the horizontal, so that the ball remains at the end of 
the tube away from the confect chamber. When the overload 
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arrives, the tube is slightly inclined towards the contact chamber, 
the hall then rolls to the contact chamber, and forces the moving 
contact into connection with the fixed one. The time taken can be 
regulated between three minutes and sixty minutes, and the current 
between 60 and 100 per cent, overload. In the event of a short 
circuit, the tube is inclined so much that the weight of the moving 
contact is sufficient to bring it into connection with the fixed contact, 
the relays operating at once. 





CHAPTER Vi 


THE APPLICATION OF ELECTRICITY TO 
DRIVING MACHINES, ETC, IN MINES 

The Electric Motor 

Tiifeb iiri 1 fiiilj two foriii’i of rlet isk Motor in o v e hi the 

present time suitable for mining work, the • mirrent and 

the thmi«phum$ motors The twit phaoe motor h ah*o lined 
ally, but it in pmctindly the Mine m tin* three ptinw, if having two 
net h of coilH on the atnfor, with four Umnnnh and hair dip rtfigt on 
cm« mtor in plani of three. The ringh^phao* imdor, though it k 
being nteadily develofted, hurt lot! yet reitrbed the point at whteh it » 
tmitablu for mining work. The nmtinuou'MMiirettt fuotoi h the n 
tiuuouft-murout getwniior* having rnneuf delivered n* i! from a supply 
of eleetririly, in plan* of tring driven by nm fr.toieal j tower Ilafe 
ItlA shown the parts of a Modem tnnihmm^ mrt**ut in*‘tor. If should 
be noted that thi* merliiiiiiriil turner any eleHrk motor will fumed* 
in approximately 20 pr emit, mnn than tie* jw»wer required %** drive 
it aa ft generator* the iimehmtt doing lull work in rwh men*, The 
tvnmm in, the woik any dynamo wait whether ir* genmator 

or motor, m limited by the eurr*mi it/« wire# will tteeomnedato with* 
out unduly healing, ami the procure it will generate when going nt 
a »ifo upecL When tin* dynamo k tun m a generator, the rlwrge fur 
convttrtuoti huff to Ir added to the output, thin making the torn! j^iwer 
mptired fo tie dfdiwfrd to the driving axle. When it m run m % 
motor, the isliurge for eon version u mitdmHrd Imm I he tola} rj«^triml 
power dtaliverod to ilii ferrniinik, Tim motor m 

wound jiwt iih 14 generator k, m mriwu uSiinl, or r#aii|^niid, and earlt 
form lias tin own projarrUe#, 

The H4?rie?eWM«ftrf motor devidop# n }w*werfttl topple on starting, 
tmiwi powerful than milter of tint other forint hut m tmm 

viipr c#ti»identhly with eliangw of hmil, and it m th<*r«rifom tint m 
iiiitahli* for work where uniform n\nm\ m mpnmi m m 
Tim mono** i*, t\m power a motor will ilewloj# ilrf#ifi*l« dirtily tifiiii 

iff 
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the strength of the magnetic field, and upon the strength of the 
current passing through its armature coils. When a continuous- 
current series-wound motor is first started, the back pressure being 
small, a powerful current passes through both armature and field 


A l l A i k l 



Fig. 116 .—Diagram of Connections for starting a Series-wound Motor. 


coils, with the result that the field is very strong, and the motor 
develops a powerful torque* On the other hand, with changes of 
load, when the machine is running normally, a decrease of load 
allowing it to increase its speed reduces both the current in the 



Fig. 117 .—Diagram of Connections for starting a Shunt-wound Motor. 


armature and the strength in the field coils, this latter causing a 
further increase of speed, and so on. 

The shunt-wound motor gives a very nearly uniform speed with 
varying load. In fact, it is possible to construct a shunt-wound 
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junior who**? vnriatinuB nf within a certain range hImII he 

negligible, Tin' n| jniil-wt*ni!«t motor k nl«o arlLgovrnmjg. Thu 

rical energy s 4tijtj»1 i**«I to an electric motor may he divide*! info 
two jmrlioiH, that whirh 11 converted info heat in the eojln of the 
armature, iiipI which D employed in ei eating the magnetic field and 
in ovurci »ming 1 !i«* frictional reaiatmiee, and that which doe:* useful 
work, Every elect rie motor, when running, generate# u hark jinm- 
mm\ in ojijfitdi mil to the of the bit vim front whirh it j?i 

rtseidving ito currojit, and tin* |»r»'^tni* availi'ilile for driving current 
througli the roih of the machine in the difference Da ween this 
hack j>ie nrr and the j*r«* 'Htin* of uttjtjtly, ft may t*e taken that the 
hark jore^Mue multiplied hv tie* current tie* rouei the useful wojk, 
mid tlit' dtllDrirr Haweon the hark pree nr** and that of -supply, 
multiplied hi the current, icpto enti t In* char n* made for ronver ion, 
III the ;i|s!iii1» wmind motor the full jifr oiu#: of the rervire ia delh ered 
tu I lie held vmU t and onl v the .mall jTrittifo nemiiary fur driving the 
current through jm «oth to the arniafiiie. When the iiriiiatiirn 
ifit ftv%«rB iU% np**ed, au Mem the Jo id i , lightened and thereby iftrnwei 
tin* hark pre-emny the pi* ‘'mm* available for driving enirent through 
it* own r**i! 1 v Ie„ ned, and the current pnviing through them k ulmi 
lessened, mid with it I he work I lie motor it doing. When the tend in 
increased, the armature > Sightly *d*»w y the hark pleasure in slightly 
reduced, uior»* euro nt puca n flmmgh the armature rod a, and more 
work i« done, The pr**wtrr at the feimiuali nf the held mil a in 
mined and lowered when the hail drrtrrveM find iuereanen, hut the 
diffen te e rmifed bv thin in the jiowei eotiierh’d hv the motor in vny 
iinall t out pared f*» tie* difference * renter! hy the dermitf or imuenae 
of rut rent in the armature n»tR The lower the redif anre of flnt 
aifitiiffire mith% the none tr* urlv rmvfunf 11 the «jm| of the 'shunt 
wound motor with vnying load* Dteaune the rliaign fm the pirmgr of 
the iimrABeil rim* sii i i Jr o» # and Ho mrm, 

Tie* 1 oiiijP'*iiiid“Wf?iin4 motor in iniide in two forum The mriet 
riiSL, may U* ronueMed to aid the dsuni eoiby or to opposite them, 
The rosnjHumd-wound motor k n«t ttineia n m\, merpi whom the 
aerie i rnihi nr** «liij#h*yed t#t */n'n an iurrmned fiTijfie when the 
ln#4or ? tarD, and they ate often nil out afterward" The ahniit 
wound motor h weak in the mutter of ;iturftm* torque, and for the 
twam i hat when the motor lit n% nUnli front tie? hark jireBnue 
k MfPilS* mel HiitBrijumilly the nirieni jetotm# ihiough the ?otjij#|y 
wdriM m Jai^e, and tie* jm Bone at tJe* t*nmiml* of the dmiil field 
rriila in low* Ilnur** the strength of the fedil %»% l*m^r than if h wh*m 
the motor k running normally, and vrjy inurh hewer tInn tint of 
the »Tte»-w’oiind motor. 

Willi nil roiifiiitio« 4 *riirrriit motors it ti iiem^irr h* j*oe*idr 

ilailiug gem # ronueting of a t^\n\4WP* wdie h i« in^ilfd #n tl?e 
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armature and field circuit in the wmi uf the mwH-wimtid motor, and 
in the armature circuit alone in the m*m «*f the Jmnf • wound mot- mi. 

V'w-. i 10 and 117 me 
r iXXT^ > duintaiii/* of muiier- 
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in jrfummg through t!i« nnuatum ctiilfi, th»; fi«I«i which it, 
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cmites lends In neutralize and to overpower tin* field created by 
(he field magnet eoilH, with the result that it k dl-le !<. have 
conditions under which the motor cannot sul, l tec.mine I hen- i« 
no appreciable field to acute motion in the, armature . midm-tors. 
Thorn are several terms of apparatus on the market in which the 
attendant, ih not allowed t<> switch on quickly. In particular, 
1m ia obliged to dwell a certain time <*« the first slop, m that the 
field magnets in the case of the shunt wound motor may ter.,me 
thoroughly energized. Messrs. Iteyrullc haw worked <4it a idaiting 








Fia* of Uimn . StoymII*’» Staking f fluff for CtisMtfftit HUrlet*. 


resistance shown in Plates 20a and 20», in which Urn passagf* of th*» 
current lowers the resistance, Fig. 123 shows the arrangement 
adopted by this firm for preventing fienetmting to the starting 
contacts. Plates 21 n and 22a and 22» show motor-starting jane!* for 
use in min**, and Plat® 21c an oil-enclosed switch for nmt in bye. 

The three-phase motor is wry similar to the amtinoow-etarrent 
motor in appearance, and it is very similar to the three-phase 
generator in many respects. There is the same iron or steel contain • 
mg cylinder as in Urn majority of continuoitM-ajmmt motor*, hut in 
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place of the field poles extending radially inwards of the continuous- 
current motor, there are the slotted discs held on the inside of the 
cylinder, just as in the armature of the three-phase generator with 
rotating field magnets. The slots in the discs accommodate the 
windings of the two or three sets of coils, according as the motor is 
arranged to work with two- or three-phase currents, and the cylinder 
with its discs and coils is known as the “stator.” The “rotor,” as 
the moving member of the two- and three-phase motor is called, 
corresponds to the armature of the continuous-current motor, and is 
very similar to it up to a certain point. There are the same slotted 
discs on a spider sleeve keyed on the rotating shaft, and the coils are 
wound or fixed in the slots as in the continuous-current armature. 
But it has no commutator, and in this respect is simpler than the 
continuous-current motor, and less liable to get out of order, the 
commutator being one of the great sources of trouble, especially where 
a motor is employed under conditions such as those that rule in 
mining work. There are two forms of rotor, known as the “ squirrel 
cage ” and the “ wound ” rotor. 

The squirrel-cage rotor has conductors embedded in the slots in 
the periphery of the iron core, the ends of the conductors at both ends 
of the core being joined by circles of copper, the whole forming an 
apparatus very similar to the cage that squirrels are made to perform 
in. In the wound rotor the coils are wound in two or three sets, 
according as the machine is for two or three phases, and they are fixed 
in the slots very much in the same way as the coils of a continuous 
current motor; but it is arranged that when the motor is being started, 
the ends of the coils are brought out to slip rings on the rotor shaft, 
against which brushes bear, adjustable resistances being connected to 
the brushes. The squirrel-cage rotor is started either by simply 
switching the stator coils on to the supply service directly, or by using 
an “ auto-transformer,” an apparatus which transforms the pressure of 
supply down to a low figure, so that the currents passing in the stator 
coils and the currents induced in the rotor coils are small, until the 
rotor has got up speed, when the full pressure of supply is switched 
on. An auto-transformer is merely a small transformer enclosed in 
a box which may be fixed in any convenient position, and which 
has a double throw switch on the top, one set of contacts connect¬ 
ing the low pressure, the other set the full service. 

With wound rotors, the motor is started very much in the same 
way as the shunt-wound continuous-current motor. The supply 
pressure is switched on to the stator coils, and at the same time 
the full resistance is connected to the rotor coils, and is gradually 
switched out as the rotor gets up speed, the rotor coils finally being 
short circuited, in a similar manner to those of the squirrel cage. 
Fig. 124 shows the connections for this, and Fig. 125 is a diagram of 
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tins cumnretiimH of a Wiwtinghnunu m*»for ttUi?rf\ Tli»' 

n*4i8<m for employing tho mUdi-tr&iiHf^riww, and tit#* m * *• in tip* 

mmi of ilm wound rotor, in tlml whirl* was givro for fin* 
current motor* If tli«i full vxxrmni in allowed to 1«- A in lb* 

rotor coil# that would )m indurud, whru i! darto ir^m if lip- 
full \mmnm won* appliml to tin* «tiitor toil?*, \\w magnrib IblT 
en&totl by thn cmrrwit in tlm roilM nf tho \n*nld 

the fluids csimtud by tin* e.urmit* in tin* ntator rmh?, Th»* C*ha\ ionr 
of fclio two- and u induction M umlor, m if in trail*"!, 

asynchronous motor, in vrry similar in alumni firry k i u that 
of tho ihimt-wmind motor, though the 1 i ♦*&**< *u f^r if/* hi hnvhm? \% 
different. 

In the induction motor tin* field created by tin* nimmla in the 
stator coils is not stationary within tin* cylindrical in ujird hy 

the rotor, hut is continually moving imnmd it, »r ili«* rtiiMii.w m the 
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different pimam rimt ami fall ant! reverue, and the variation* In the 
currents in the stator coils induce currents in the ir»u*r noil* in such 
directions, that the coil* and the iron mm to which they are nUnchcd 
move round after the magnetic field ernatnd by the stator mils, Tho 
rotor never attains the same aj#*i*d m the slater n.ih it in moving after, 
just an the armature of the shunt* wound motor never rrnalea a hack 
pressure equal to the supply pressure. If the l*a«k pressure of a con¬ 
tinuous-current motor equalled the supply oressure, «»» current would 

K , and the efficiency of the system would lie 100 jwr rent, Himi- 
/, if the speed of the rotc»r equalled that of the revolving field 
created by the stator currents, no current would paaii, and the efficiency 
of the system would again bo 100 per cent, lint no motor is without 
friction, and all motors make a charge upon the energy delivered to 
them tor creating the magnetic field, Iwrnm tlmru *« always a differ* 
ence between the supply and back pmmnrm in cootlnnoiM-eurwmt 
machines, ami between the speed of the field wad that of the rotor in 
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induction motors, Further* just fin* eurrent required in turn tin* 
armature of tliu font iitwuiHovitiTeiif motor merea/et *tr d«» fe;n$en 
uncording as the sj>eed of the ai mat urn falL or rLey >o fin- enrienia 
induced in the rotor of tin' induction i»* 4 mf inere,v e **r d^ ream* as 
the speed of the rotor tlunpmiin or ine reaves, the 1 decrea-ang with 
increased loud, and hmmmtn^ with deereadtig had. Tie* induction 
motor in practically mdLgoverning within if 4 own limits jaut a.i tin* 
shunt-wound motor ia An inereuaed had r„nr*^ tin* nv *tor to 
slightly slow up, thin allowing tin* wees/ury iiirje;rrd enrreni to L* 
induced in the rotor roils. The induction unitor i mally a rotary 
transformer* the stator roils Non*: the primary, and tl»? M«»r nnih 
tliu mscondary, and just os in the ni dimity rf at tommy u.in dernier the 
currents in the primary induce prevmr«e in the necomLry, :m the 
currents in the secondary induce current 1 in the primary. Hatia 
lilu, Iik% and 19 n show 11 rompletn three phmo motor, ami \tn 
** stator” and "wound” rotor; and Elate XJ ** a " wound M 

rotor, with slip rings apart from the l§cibl4ft. 


Methods of varying the Speed of Electric Motors 

With continuous-curmit motors tlmfe are two method’* of varying 
the Mgiml, tty varying this pressure delivered to the terminals of the 


AAAAAAAA 



Ff§« *A Cmm*rtfam for r^uktirat ito $ww4 nt n H*r wmnA 

Molctf t#y fwrytag lt» PivNtor*. Tto *lw<tU $$mm m Im* nf 

tiwti Prmmnm nf Supply, Ii will |« lt«l tfo* l it* #Intilit 

to item for ftUurtfag m ikrim-wmtd Mwlor, ll fa I f»t tMmmrn %lm% 
awaiti \m MMmnk 

motor, and by vaiying tint strength of tlie iiirwiit §»«ttftg tfiitmglt the 
I#M megoeu. With the mrlm»wmn& motor, ihr im^t twiwitietil 
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i M u *« VI * pr< •’ 1 ?i* 4 Giwn «*4 !«» thr ;tinl thi t i i 

iDfP* by an »!,,!, ’ \ »»• , >* a\< *■ i * n Ur p»nih\r apply rabli* 
piU 4 |)|C j << .in** U r fV* ih 11 ***r ft*.*- t* i if iitn* Dair ttiviilnl 

im, f i^i^ii ,in»Di '•» Li *4 i D« '>\<ituun r<" i 4 nnn\ >md tmm* 
t 4 * h’ * - »4 if D T ' CM am ,%N* nr t nl *»<?! «*!’, !hr riltMifl by UH 4 iUi r i 
«»f a L \ -Vi m *i U D L ibo%n in Flit, LD. Dir iiti- 
j„,jt Si?i # n * t ♦ .«•»* - ii) L*i^» t!,* in /In! uf %vLi#*li ha*' W in 

f f(m ] b* ill Ha* | .. V 1 u*' i> 4 4njr»* whir !4 n nrrain'M p* D« f Down 
iiiln lb* » u? aji * f i ni P*r Mti ratting it irf ilniDiiml tu ntrry flip 
ii*rr^ ir tD in s **t v* 4* n *> mirn iShsu^ s! 1 work. In tltr rim *4’ 
fin* ^l’Pn h i v a rur*, Hip n only iitDwni to jm t$ ihrmtf'h 

flip ruti'hb'P t *>r tD* h ;nnl l^r fir Tort nrmpird 

in irfifn% an I 4,1 Ur *mr frb*r 11 of niinriiifiiri imptahifirr 
in ihr »4; **, Ur Ip -/ hi* r S by f!r mrmii ii hu nmnll mm 
jatifhpL, abila w :U* 1 |i2i*j^ily fDitpftnl ivihfAftrr tlm twill 
|i.ia-ifn! nw 11 fr< m Ha- n ' ir* Him j» 10 hit#* rmnpamtivrly, flint thr 
*4 Ha appiit4t.il Until nut D* iij*|irnmilily iurrutufMit 
Ea fir* ration \*ty not h 'iin.ilhi iiiibiEia nr Ipjiibi rpii^taiirna run 
io r4 f! # %n 104 TS D* p if tin! nirrnil ii idlnwnl fn 

j,a*f» thrM’ipJi r< Uo/niE) Wlrfr 11 rr^Iltnurr 11 *nn| 4 n>r 4 tat vary 
lb#* ’of tip p nr/a-ntrl imioi, fh*'rrfort% by varyiiifj flu* 

pfprtinrf fLei^ " i r on/ nj* a p'fHon of Hip pfn»'4ifp ffnil woiilit tw 
ililnrf.-l Ut *h* lip 1‘f, H.p 1 * Ilini! |#r riilriiklril of MtrJi II 

rHittfi mirfhpj E pml t r aii4 tin* iiiimiia of puling 

|}ip li«'i*f i^u»r<ifrrl twv ! -or h ftn.ii flip rin* in iriiijn^riilnrr tlnnt 
ip *1 rx*'w*4 fiol *«f a or iiiop*r mlirti in rnfiilnf tiiwn If 

fjii-i fniiLniPii r» jpf ^ Wn f *T tronbD ill -iri^p ^iiffi lti« # mmUmvm, 
With nr iilD any joinla ftrfp fnny I#* 4hnr ifinnM \m 

i?m join 1 sn tD ifpnuinn 4 " *4E if \#mnhU -iipI t!i»< rnnn**^tifm*i lo 
tbr p.rump i!a' of flip r*4*rtuno*n %%ill {# wry likrly 

In ihoo4in»*r|r4» m tm follnwin^ inift ti^nfiD ||rnrmlly. 

With Injni4 tr»mUu<** r%nit4#rntioii »Iw&yn Ukm phm% fmtli wtirn fltr 
niff ml in 4 n 4 wf^fi tl 11 tml* lint rf ftp ^uif toft will Im 

Hrriif^r th in «4tpft i)*p anirml n U*rmm% of tint hmt 

f/* lb** lrpii 4 Hint ’D* hiflrr triiipmlisri^ to uhirli llr 
Ikpit 4 ti- niiirvi tlnil'ia 1 m n 4 ) t flit* ytriifrr flin rmtml llnit m ullowwl 
In \mn Hu *aph ih* \i%\u 4 Ur Will tlir filfn of rl*li|WRlfh»Il, 

Aii4 thi« JnwH t# iwn nf ir*ril4f% not only 4«#ra tlir wm*4 
ttip Iryanl fpj4**iii4iii«»t with wnln, 

litll tin* InpinS ilw'lf vhm&rn tU |.“hy4ml {4o|«tifpi IN fwi^tiifirr 

will rSiAiipp, 4 irl \U* r«^nil of n winnIDr m hir^rr *pinfility 

in llir ntfiiii mill nl^# D* 4»ng»L II }inwi*vrr, p^rfr* Uy 
j#in:|j« J jihl#i in ptn%i?Ir rili+pf a fn* f tii!ti r *€ n li»pii4 if^i^tutirn Unit 
uliall ill flip t€*ndt\mn% i»«|*iir»*4 for frijtiluftnif flrt nporti 

nf * woiiipI m«*U4 4 Utt tti^iph fir piifi 11 « ronvrni**ni mu% 
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providing tin* resistance in properly amic'cti, it i < a \>-ry wasteful 
(*iH! if tin! iih> ti»r in working fur any }»*rind at amllnne much horn 
than it» full haul, ainai tli»! whnlo <»f this idcctrieal i-ijcryy that 
is convurtud into hunt in the controlling resistance i» absolutely 
wasted, ami tends to mine tin* temperature **f the apparatus 
generally. 

Tho other met hod with a wries-wound ju< *t*a is, hy providing a 
shunt to this held coils, dividing tin* shunt into sections, just as with 
tho starting; resistance and this Kories eontr*•Hint' r»*si *tiui« e, and shunt¬ 
ing tho lhdd (soils hy a greater or leu* }«<rti*a* of th** hunt, according 
as the. Hj«i(*d of the motor i« required to go down or up. as shown 
diagnuumatieully in Fig. 1-7. It should, jicrhajw, 1#* ment i< •)«.«! 



Fio. 127, Diagram ®t tkamittMana for viurylm the ml * fs®r|,<*.w»«*,ft 
Motor by varying Urn FMd Current. *n»» »!«#»« ttatifo 

warn at mm ui tba Norm*! Current. 


tlrnt lowering this pressure deliverer! to tho terminal* of the 
wound or shunt-wound motor hy tho insertion of rust* ton™ in the 
main circuit, lowers the spend of tho motor, and that shunting the 
field coils of the series-wound motor, lessening tho currant panning 
through the field coils, raise# the speed of the motor. 

With a shunt-wound motor a variable resistance may be fixed in 
tiie main circuit, or preferably in tho armature circuit only, juat m 
with the series-wound motor, hut the more common mrnnmmmii it, 
a variable resistance is inserteii in the circuit of the field coil*, m 
shown in Fig. 128. Increasing thin resistance iumuooei the upend of 
the motor, and vies vtirui. It will be wwn tliat tlu» method of lowering 
the field current i* preferable to that of lowering the pmwurw in the 
main circuit, inasmuch as though there m a certain waste in the 







DRIVING MACHINES BY ELECTRICITY 285 


resistance, the waste is very much smaller than where the resistance 
is added to the main circuit. There is a limit, however, to the 
application of the method of adding resistance .to the circuit of the 
field coils of the shunt-wound motor. As the field is weakened, 
and especially if, as is required in many cases, the current through 



Fig. 128.—Diagram of Connections for regulating the Speed of a Shunt- 
wound Motor by varying the Field Current. 

the armature is increased, so that additional work may be done by 
the motor, sparking commences at the brushes, and increases, not¬ 
withstanding what can be done by the brush rocker, until at about 
25 per cent, above the normal speed no further increase is possible. 


The Motor with Commutating Poles 

The trouble, however, mentioned above has been completely 
overcome by what is known as the dynamo with commutating poles, 
described in Chapter IV. Commutating poles are additional field 
magnet poles, smaller than the proper poles of the machine, and 
fixed between them in such a position that they neutralize the 
current generated in the coil passing under the brush at the moment 
of commutation. By their aid the speed of shunt-wound motors 
may be varied in the rates of one to six, by varying the current 
passing in the field coils, and without sparking. This method is 
being used very largely for driving machine tools and other 
apparatus, where large variations of speed are required. 
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Varying the Speed of the Three*phase Motor 

Till! speed of till? three-phase motor, *'\ji>iiis»C ahnvr, L run- 
trolled by the speed of the, revolving field, and fhn a'Min h lh«* 

imrimlkity of the service. Hence, out* method of v/ir; f in, 1 ; # h«* j*rrd 
of a three-phase motor is hy varying fie* numl**r of pole * **f tin* 
stator, and thereby varying tie* 4peed of flu* revolving field, and with 
it the speed of the motor that L moving after if. Tim range, 1 jmw« 
over, of variation of spsed hy tliii method, if. wilt ho * **« u t n rnedb 
With small machines, for in tame, having 4% or right frrie* in the 
stator, cutting out half reduce* tlm one-half, and 'o mi. The 

method more frequently adopted h hv adding a r«ne d ino* to tie* 
rotor circuit, similar to that arranged tbi barfing ilie wound totor, 
and making tins resistance nnftieicntly large, etc,, to he allowed ft# 
remain in circuit for any period that may l*e doored when tie* motor 
is at work. H need hardly he said that tlih in* fieri ri waaPTnh hut 
in certain cases, its will J*e deserilwri, it is* pethnpc, tli** Ic^t available, 
There arc signs that apparatus for varying the fmjumu y of a "**rv m*, 
are lasing worked out, and probably stmne arraugcncug of tin* kind 
will l hi adopted for controlling the speed of three-phac-c im/foro 


Electrically Driven Pump* 

1 hiving pump^ hy iicmii* of rl^ffh* nrtlr *ariie^f 

application of ideclnrity to power purjMavi m mm«* *, the fo 4 having 
1 hh*ii it! Trafalgar Colliery in th«* «T Item, hy the la!** Mr, 

William Blanch Brain, Mr, lhain had u g**»d dial of wafer in ream* 
of liiii workings, at some distance fr*an the pi* }«4fnm, and }$e had 
tom driving a pump hy steam taken down the jab If** ineri a 
Hiemen’s machine of those days tlwf w.n capable of fumedmi;* one 
arc lamp, to drive tlm pump hy mmm of n lad?, and he fined mi 
<# A # * gmtttttie iiiiwlittir, the 1500 to 2**00 wall machine of Uim;** days 
in an engine hmtmi on the bank, and diove it hy mean % of a mfiglu 
cylinder tsttgtfie. Both genemtur and motor werrVrm* wound* The 
arrangement answered rmiarkahly well, and flie quantify »f r<m\ 
saved wan miinidliitig very minidenihle. In addition f« fits* rabies 
conticctifig flic two minddnea, there wm also n telephone fi$ed m flic 
engine house, with it battery iiinl n j«ir of mim which uro* bid to 
thi pump It minis, mimuUd to a moving winch romjilefipf tlm 

circuit at every stroke of the jitinip, m$ that llwt nxwwUul m tlm 
engine house could h«mr if die pump mm working tot By, 

Pumping ii a particularly snitahJe eliwi of work fur el**«strie driving, 
for %m reason that the puinjei uns very ofy-n nf^juirnt Pi 
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be at some distance from the shaft bottom, and in out-of-the-way 
positions; and it is much easier to run a pair of cables to these 
positions, than either a steam, compressed air, or hydraulic pipe. 
Where dip pumps also are employed, the arrangement of the pump 
fixed on a trolley with its motor, gearing, and starting switch, the 
trolley being mounted on wheels to run on the mine roads, is very 
convenient, as it is easy to provide a sufficient length of cable on 
drums fixed on the trolley, to enable the pump to follow the water 
right down without making joints, and without any change in the 
resistance of the leads. Electricity has, however, been applied to 
pumping in mines under every condition where pumping is required. 
It is employed in sinking pumps, in driving pumps at the bottom of 
the shaft when the water from the workings has been delivered to a 
sump there, for dip workings, for pumping water from rivers, for 
boiler feed, etc. 


Forms of Pumps 

There are three forms of pumps employed in mines, centrifugal 
pumps, ram or plunger pumps, and bucket pumps. Of these the 
ram pump in its three-throw form is the one most commonly 
employed; but since the improvement that has taken place within 
recent years in the centrifugal pump, this is also making way. The 
bucket pump is only employed, so far as the author is aware, for 
pumping from sumps or lodges in the mine shaft. The centrifugal 
pump is the opposite of the water turbine, with certain modifications. 
In the water turbine there are a number of blades arranged around 
a shaft, and the water impinging upon them turns the shaft, to 
which they are attached. In the centrifugal pump there are again 
a number of blades surrounding a shaft, and when the shaft and its 
blades are revolved by mechanical power from outside, the water 
which is made to enter the pump at the centre is forced outwards 
by the action of the blades, and by its own centrifugal force, and is 
driven into the delivery pipe. The earlier forms of contrifugal pump 
were only available for very low lifts, 50 f being considered high, 
and while the efficiencies were comparatively high with very low 
lifts, they fell very quickly if the lift was increased. Modern 
centrifugal pumps, however, deal with lifts as much as 2000', and it 
is claimed that the efficiencies are higher than those of the ram 
pump. Improvement in the efficiency of the centrifugal pump has 
been obtained by a careful study of the course of the water in the 
pump. Power is wasted in every pump by eddies that are created 
in the water, and by a study of the form which these eddies take, 
and by designing the pump so that no eddies are made, the efficiency 
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hm la*en inn eased, On** grout tumble in the * **ntrif?eM ? pump whirl* 
ltd to its previous ttieJlirteiiny wo, lb* water m pavdnp !ht*«u;dt lint 
pump was going at a very Itiifli velority, and wh*m *L*Iivm **4 Item 
the pump into Urn riniiij^ main, it noi ami nad f * ben!» mbd by 4 
column of water which w,m moving at a vrgy mu h 4 an 1 jute, im»I 
this led to the formation of n numl»*i of **ddir ■, ami l«vb impure ^ 
opjKming the onward motion of the w iter, and atom bin;* it part of I ho 
powrn 4 that wan Inking delivered to the pump fduit 

Pump makers express I ho fati soim tunes hy «aying that tlio 
difficulty is in convert mg veined y head into p?v mro head. They 
iiitmn what the author has expressed drove. The watei when in 
rapid motion is jiusseuHrd of a certain tprmiify of eieuyy in virtu** 
of its velocity. It ii known im kinetic energy, Whon if joins 
the «lowly moving ndamn, it do*"* not l»**r the 1 gy that was 
Imjmrted to it, except in so far aa if uny i«* d*'pm*d of a jtojlion 
of it by tho eddies mid hark presminv that are framed ; and what 
is n:willy required m t the conversion of the high rate of motion i«i 1 li** 
slow rate of motion, without hrm of * uergy, In the old** term of 
centrifugal pump, iho water when leaving the fan 14vie* wuidclhvml 
into a whirling chum tier, whom it was at liU'tiy to font* m many 
eddies im it pleased, and from which it w,n filially pushed mil hy 
the pressure of tin* water l*ehtod it, hut with a * ommlrrable ►npuo 
dilute of uiinerimary power. In tie* modern emiintegd pump the 
water is guided after it leaves the fun hhidi^ hy various devices, 
by guide vanes in the Worthington inrhine ptutij# ( Eig. I»d 4oms 
a station of iliu Worthington (HN iiiitltkkieeriuilrifiigal pomp|; hy a 
guide ring in the Mather *V Halt rmtfifugal pump; and hy other 
arrangements, all very siimlar, by other makers, In nil rmm the 
object to l»o attiniied is the avoidatev of iderlte, the uvoidmo'M of tfir 
impiugetiient of the water against, iteid nttrfarea «C umUil or water, 
will tint gentle guidance of the water hy curved plages, carefully 
imlcnliikd for the pnrj*oM% pu tlnit it# velocity %% guidmilly l**#L 
and when it joins the rising column, the energy with which it Jeff 
the vanes hm Imun eon vetted to the form in which it will imt mmni 


to push the mhmm iikiw it upward s 

Centrifugal pumps an* now Hindu in timm font m 4 hn very low 
lifts tip to IW\ for mofliitni lifte tip to ami for high Itfte ftp t*» 
1 CIO and mid fimt, anil nuy of tlieji* fomm nitty Im mnnm«i**d Pigether 
in serif m, their lifts then liuing mhlwl t^dher# *I1i« i#l the 

piiifip for the diflhreiit lifts do not differ very inurJi, With uwdi 
f«im of pump, and with each iim # tliure %% n certain ml which 
the liiglwt efid«ncy in obtained, tlnirii m a mtUm ipiantity fur tint 
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the speed, but the efficiency goes down very quickly after the 
quantity is reached for which the pump is constructed. Figs. 130 

v 


Fig. 129.—Section of Worthington Centrifugal High-lift Multistage Pump, showing the Arrangement 

of the Water Leads. 
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and 131, which arc. curve* taken by Mown. Mather A* Platt from a 
Hiuglc rhiunlwr pump, constructed fm the Newt ’uipnratten 
Electricity Works. t» deliver 12f-il gallons «*f tvatei j»*r minuteagainst 
a head of from 100' to 117’, the jmia|t rumiiie,' at Tuu r<"wlutiunH j,tcr 
minute, allow these points very dearly, it will l*e teen from Fig. 
130, in which the quantity pnm}**d win maintained cn .tnnt, that 
the efficiency rises very quickly from nothing, as th** revolution* of 
the pump increase, till at <TitJ revolutions the inewtse <4 etlicieucy 
jg V e r y gradual. From 700 to 7*4* revolution* there is pm* lcjilly no 
change. A At HOC revolution* the efficiency i« slightly lower, an*I after 
that it fall* very quickly, nil at 0?<* it 1 ** only 43 |* r rent. the 


* H* V‘-»* H* * I’ 



F 10 . 130. Kffieienr.y (June «tn(*nlri(uR*I f'ump, nuste t.jf Matter 

& Matt, with Ce»*t*nt f^oanlltf and Vatjrliuj hj***4 *«4 H<*4. 


highest efficiency being about 72 per cent, When running at eon- 
■tent apoed, as shown in Fig. 131, it will bn noticed again that Urn 
efficiency increases very rapidly an tlm quantity of water delivered 
increases, up to 1000 gallons per minute, then the ittcfiMum is slow. 
There is very little change between 1200 and 1300 pllotm. At 1400 
gallons it falls slightly, and afterwards it falls very quickly, until at 
2020 gallons it is only 2fr per cent. Whet* the head punqied against 
is maintained constant, the speed and the quantity being changed, 
the speed remains practically the name, about 880 revolutions, until 
the quantity is 900 gallons per minute. The speed mid the quantity 
then go up together^ the speed being 870, when the quantity m 
about 2850, The efficiency rises very quickly, as before, until tlm 
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quantity in I Hit) trillions per mmnU% and the speed ulh'htly over 
700 ; it then risei very slowly, there very little difference 

between HiiMI and 1400 ^aliens, hi id 1*4 ween 720 and 727 revolu¬ 
tions, it falls slightly at IdOfi gallon# and 74.7 revolution#, find then 
falls very rapidly til! at LGffff gallon u and at HOC) revolution*!, it in 
only 20 per cent, Tin* nigral of tin* ul«>ve m, that it in wiser to 
run centrifugal pumps at constant speed for constant quantity, and 
at the sj**ed ami for tin* quantity ut which they are (hwigned to give 
their highest Hildenvy. It is usually wise to work most machinery 
ul*mt tnitnm at 11 lower output than they arc made for, l«*otiui4« it 
lowers tlitt repairs tall. With the modem centrifugal pump it will 


t f i»n f tti'fitf, 



1 m seen that the output rim h»* lowered something like ‘do per 
wilt, with a lowered efficiency of only utiout 4 j***r cent, Hate ‘Ma 
shows » single cliamher centrifugal pump driven hy an electric motor, 
Whm centrifugal pumps are arouigisl in «e»ies, the delivery of 
the first pump l**troin»m tin* sucliou of the second, the delivery of the 
second the suction of the third, and m> on, m tunny m twelve ptintt* i 
having lawn connected in series in thin way, the axles of nil the 
pump!) being comnrcUid together, ft will but evident that the »■«»» 
trifugal pinup lundh itself to electric driving, for two imams : 'flu, 
speed of the pump is within the same range as the ordinary sjesal of 
tint electric motor ; and the pump, whether single or in aeries, can lie 
mounted on a. le-dplote, on which room is left for the motor tin* 
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axles of the pumps being connected mechanically to the axle of the 
motor. Further, there is no difficulty in arranging an electric motor 
and a centrifugal pump vertically one above the other, their axles 
being vertical, and the whole being suspended, say in a shaft, or any 
other position where space or convenience mates this arrangement 
suitable. Sinking pumps are worked on this plan, as shown in 
Plates 24a and 25a. Like the electric motor itself, the centrifugal 
pump is very convenient, and for that reason is suitable for a great 
many places where it would be difficult to apply either of the other 
forms. 

The motor that is most suitable for driving centrifugal pumps 
will be either the shunt-wound continuous-current motor, or the 
three-phase motor. Both of these run at nearly uniform speed, the 
variations from the normal speed being only four per cent, in 
the case of the three-phase motor, and very small in the case of 
the shunt-wound motor under ordinary working conditions. The 
centrifugal pump would, in the great majority of cases, only be 
applied where a uniform speed would rule, since the efficiency of the 
pump is considerably lowered if it is run at much above or helow its 
normal. 


Ram Pumps 

The ram, or plunger pump, consists of a barrel in which a ram or 
plunger moves to and fro. The barrel has inlet and delivery valves, 
the suction stroke of the plunger opening the inlet valve and sucking 
the water into the barrel, the delivery stroke closing the inlet valve, 
opening the outlet, and driving the water through it into the rising 
main. In mining work it is usual to arrange three pumps with their 
plunger rods on one crankshaft, the cranks being 120° apart, the crank¬ 
shaft being driven by any convenient source of power. For electric 
driving it is usual to mount an electric motor on the same carriage 
as the pump, and to gear it either directly to the crankshaft by two 
spur gear wheels, or to interpose a second motion shaft, supported on 
the same carriage, driven from the electric motor by a belt or ropes, 
the second motion shaft driving the pump shaft by gearing. One of 
the difficulties in connection with the driving of the three-throw 
pump by means of an electric motor is, the great reduction that has 
to be made in the speed. The ordinary form of three-throw ram 
pump rarely runs at more than 40 revs, per minute, while the electric 
motor runs at from 500 to 1500 revs., according to its source. 

The low speed of the pump is dne to the form of the valves 
employed. They are usually of the mushroom type, and each time 
that each valve opens, the mass of meted of which it is composed has 
to b© moved inwards or outwards against the pressure of a strong 
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spring. If the pumps run at a higher speed than that mentioned, 40 
revs., or thereabouts, the motion of the valves becomes so rapid, and 
the hammering on the valve seats is so hard, that the pump is quickly 
put out of order. Hence, the efficiency of the ordinary three-throw 
ram pump is only 66§ per cent, at its best, and when running at its 
highest possible speed, and from this has to be subtracted the 
efficiency of the gearing. 

Modem ram pumps, however, have been very greatly improved, 
principally in Germany. Professor Riedler, who has investigated the 
matter scientifically, has introduced some considerable improvements, 
which have enabled pumps to be run at a very much higher speed, 
and also their efficiency to be considerably increased. An important 
feature in the Riedler pump is the shape and arrangement of the 
suction and delivery valves, as shown in Fig. 132. They are both 
made comparatively large, and they are made to open mechanically, 
the arrangement for opening them being quite independent of the 
pressure inside the pump chamber, so that springs are entirely dis¬ 
pensed with. The valve also is opened comparatively widely, so that, 
it is claimed, the eddies in the water are avoided. The speed is 
raised from 40 revs, to 150 revs., and the efficiency is claimed to be 
raised from 66§ to 90 per cent. It is usual in the express Riedler 
pump to have only one pump chamber, with one set of valves, one 
set of journals, and so on, the friction saved in the lessened number 
of valves, etc., making up part of the increased efficiency of the pump. 
It will be understood, of course, that the pump deals with a smaller 
quantity of water at each stroke than the slow-speed pumps. In 
addition to this, a valve known as the “ Gutermuth,” the invention 
of the professor of that name, which is shown in Fig. 133, has been 
also introduced in Germany, and to this country, which it is claimed 
increases the efficiency of the ram pump for two reasons. The work 
of raising the valve is considerably lessened, and the formation of 
eddies by the water after passing through the valve is often, it is 
claimed, almost suppressed. The valve, as will be seen from the 
drawings, consists of a strip of steel or gun-metal, rolled up into the 
form of a spiral, as shown, the end of the spiral being placed across 
the valve port, and the rod on which the spiral is formed being held 
conveniently near. The operation of opening the valve consists 
simply in forcing the end of the steel or gun-metal plate outwards. 
That is to say, in the case of the suction valve, the end of the plate 
moves inwards into the cylinder, and in the delivery valve it moves 
outward into the delivery pipe, in each case winding the spiral up a 
little more. It will be seen that the power required to lift this form 
of valve may be much less than that required to lift the heavy clack 
valves usually employed. Further, it is claimed by Professor Guter- 
muth, that when the mushroom valve opens, the water passing through 
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water continues its passage in a straight line. The Gutermuth valve 
has been adapted to existing ram and other pumps, with the result 




Fig. 133.—Gutermuth .Valves for Pumps. The Illustration on the Right 
at the Top shows how the Valve is made. That on the Left at the 
Bottom shows the Valve in Position, and that on the Right the Water 
passing through. 

that the travel of the pump has been increased from 40 to 140 revs, 
per minute, and the quantity of water, in the case of a pump of 
5-inch bore by 10-inchstroke, 
has been increased from 1500 
to 5500 gallons per hour, the 
valve space being increased 
from 4 square inches to 8^ 
square inches. The arrange¬ 
ment of the valves is shown 
in Eig. 134. 

The series-wound motor 
has been largely employed 
for driving the ram pump, 
mainly because of its high 
starting torque. To start 
the pump from rest against 

the pressure of a column Fig. 134.—Arrangement of Gutermuth Valves on 
of water, extending, say, 
from the dip workings to the 
bottom of the shaft and 
thence to the surface, requires a very considerable starting, effort, 
though the power required when once the pump is started may be 



an ordinary Ram Pump. The Number of 
Small Valves take the Place of a Single Mush¬ 
room Valve. 
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comparatively small. The series-wound motor is eminently adapted 
for that part of the wort, the starting. Plate 26a shows an elec¬ 
trically driven three-throw ram pump for dip workings, and Plate 
24b shows a three-throw electrically driven pump arranged for 
sinking. Rut there is another feature about the ram pump. The 
quantity of water it delivers depends upon its speed. Each stroke 
of each pump delivers a certain quantity of water, and therefore 
the greater the number of strokes per minute, the greater the 
quantity of water delivered per minute. The series-wound motor 
can he arranged to run at varying speeds, according to the rate at 
which it has to deliver the water, by either shunting its field coils, or 
varying the pressure; but a shunt-wound motor with a variable 
resistance in the field coils, and with a series coil arranged to assist 
the shunt field coils at starting, is a preferable method. The shunt- 
wound motor, however, will work better if it is made larger than 
would be absolutely necessary. An increased torque will be obtained, 
and the repairs bill will be lessened. Plate 23b shows a variable 
speed three cylinder ram pump, driven by an electric motor. 


The Bucket Pump 

So far as the author is aware, the bucket pump has not yet been 
driven electrically, hut there is no reason that it should not be, and 
there will be cases, where power is generated at a central station and 
delivered to several mines, that it will be convenient and economical 
to drive even the large bucket pumps that are used in some of the 
deep mines by electricity. In the bucket pump, as the name implies, 
the water is raised by one or more buckets, fitted with inlet and outlet 
valves. The buckets are fixed at the end of long rods, and are lowered 
into the water that is to he raised, the inlet valve at the bottom of. 
the bucket opening as the bucket descends, and closing with the 
weight of the water above it when the bucket commences to ascend, 
the valve at the top of the bucket then opening, and the water being 
forced into a raising main in the usual way. For pumping large 
quantities of water, plunger and bucket pumps are sometimes used 
in combination, the two being attached to one set of pump rods. The 
bucket pump is usually worked from a beam engine, the pump rods 
being attached to one end of an iron beam pivoted at its centre, the 
other end of the beam being attached to the connecting rod of the 
steam cylinder. In some cases the engines driving the pumps are 
compound, the two cylinders working two beams, to which are attached 
two sets of buckets, the two working quite independently. In other 
cases the engines are mad© compound, but the two cylinders are con¬ 
nected to the same 1mm, but with different lengths of stroke, to fit 
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the position at which their connecting rods meet the beam. The old 
beam pumping engine has been a very good servant, and a very 
economical one. The extreme case, that of the Cornish pumping 
engine, in which a very large steam cylinder was employed, and in 
which the steam only entered under the piston, which returned by 
gravity and by the pressure of the atmosphere above, the steam 
underneath it being condensed, held its own for economy up till 
within very recent years. As the beam pumping engine is always 
fixed close to the boilers, a range of boilers being sometimes fixed 
specially to supply it, it would be difficult to introduce any economy 
with electric driving, because every economy in steam generation that 
can be employed at the electricity generating station, can be employed 
at the pump station, and the old beam pump, working day and 
night, is one of the ideal constant loads. Where pumping has to 
be done at a distance from the generating station, it may be econo¬ 
mical to drive the old beam pump by electric motors, in place of 
keeping a battery of boilers and the attendants, at the pumping 
station. The arrangement for effecting this is very simple. The 
steam cylinders would be moved, the connecting rods on the steam 
side would be replaced by rods sufficiently long to reach from the 
beam end to a crankshaft, that would be placed in any convenient 
position, but would preferably occupy the pit from which the steam 
cylinders have been removed. The crankshaft would be driven 
directly by connecting it mechanically to the axle of an electric 
motor, or it could be driven by ropes or belts, as convenient. 
Arrangements could be made also for varying the speed when required 
in the manner described. 


Power required for driving Pumps 

In the early days of electric driving of pumps and other apparatus, 
trouble sometimes arose through the motor not being sufficiently 
large. In other words, proper calculations had not been made. 
The power required in the electric motor is made up of the following 
quantities:— 

1. The power required for lifting the quantity of water that is to 
be raised per minute to the height at which it is to be delivered. 
That is to say, the weight of the water that is to be raised per minute 
in pounds, multiplied by the height to which it is to be raised in feet, 
the horse-power being found by dividing the product of these quanti¬ 
ties by 33,000. Pure water weighs 10 lbs. per gallon. The weight 
of water impregnated with salts, such as are found in nearly all pit 
water, is slightly higher than this ; but for practical purposes, if the 
usual working margin is allowed after making the calculations, 
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10 lbs. per gallon -will not be found far out. Thus, if, say, 100 gallons 
per minute are to be raised through 330 feet, the power required 
will be— 


100 x 10 x 330 1nl rp 
-5pOO-= 10HP ' 

2. The power required to overcome the friction of the water in 
the pipes through which it is forced. Water and air, when forced 
through pipes, ducts, etc., nib on the sides of the pipes or the ducts, and 
in rubbing create friction, and friction absorbs power in direct pro¬ 
portion to the extent of the surface rubbed, and to the square of the 
velocity at which the water or air is flowing, and to a constant 
depending upon the surface over which it rubs. Thus, the larger the 
pipe, and therefore the larger its surface, the greater the friction. 
Also, the longer the pipe, the greater the friction. From this it would 
appear as if a larger pipe created more friction than a small pipe; but 
this leaves out the question of the velocity of the water. Where a 
small pipe is employed, the water has to be forced through it at a 
higher velocity than with a larger pipe, and as the friction increases 
as the square of the velocity, while it only increases directly as the 
surface of the pipe, the gain is on the side of the larger pipe. It is 
usual to allow for the friction created by water passing through pipes 
by reckoning it as so much head that would have to be overcome, if 
the water were lifted vertically. The head or vertical height, equivalent 
to any length of any pipe, with any quantity of water passing through 
it at any velocity, is found by taking the equivalent column that 
would force the water through the length of pipe of the given size at 
the velocity named. Engineering pocket-books give the equivalent 
heads for different velocities of water, and for different sizes of pipe. 
Thus, for 50 gallons of water per minute passing through 100 feet of 
clean, straight pipe of 2-inch bore, the loss of head is 10*4 feet, while 
with a 3-inch pipe it is only T19 feet. The loss of head due to the 
friction of 2900 gallons per minute through 100 feet of the same 
pipe, of 8-inch bore, is 12*3 feet. From any of the tables mentioned, 
the loss of head can he obtained for any given quantity of water per 
minute passing through any given length of pipe of any given size; 
and, conversely, the size of pipe that will allow of the passage of' the 
water with only a given loss of head may be determined. Having 
obtained the loss of head, the formula given above is again employed, 
and the power required is measured by the product of the number 
of gallons per minute multiplied by 10, multiplied by the loss of 
head in feet, and divided by 33,009. 

In estimating the loss due to friction, however, it should not be 
forgotten that pit water usually contains salts in solution, which are 
deposited upon the inside of the pipe, gradually lessening the bore, 
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increasing the velocity of the water if the same quantity is to be 
pumped, and increasing the loss of head and the power absorbed. It 
will be wise, therefore, when arranging for an electric motor to drive 
a pump delivering water, as is so frequently necessary in mines, 
through a long line of pipe, to allow for a loss of head in a size of pipe 
a certain percentage less than that which is actually fixed. The 
motor will possibly work a little less efficiently, but the loss in coal 
at the generating station will be more than made up by the 
lessened repairs bill, and by not having the inconvenience of the 
pump breaking down periodically, when large quantities of water 
have to be dealt with, and of having to fix a larger motor after a 
certain period. 

Having obtained the power required for (1) and (2), the efficiency 
of the pump must next be taken into consideration. As explained, 
the efficiency of the modern centrifugal pump is claimed to be 70 per 
cent., and in some forms made by the Worthington Co. it is claimed 
to be as high as 86 per cent. The efficiency of the slow-moving ram 
pump is not higher than 661 per cent., but that of the modern “ Ex¬ 
press 99 pump, running at the higher speeds mentioned, is claimed to 
be as high at 90 per cent. The efficiency of the gearing, whatever it 
may be, has also to be taken into account, and then the efficiency of 
the motor itself, and the three efficiencies may be multiplied together. 
Thus, if we take the efficiency of the pump at 70 per cent., that 
of the gearing at 95 per cent., and that of the motor at 85 per 
cent., multiplying the three together will give us 56‘5, and we 
obtain the total power that must be delivered to the electric motor 

by multiplying the sum of the powers required by . Thus, if 

the power required for the lift of the water through the vertical 
height is 10 H.P., and the power absorbed by the friction of the pipes 
is 5 H.P., making a total of 15 H.P., the power delivered at the 
terminals of the motor, with the above efficiencies, must be 
26 # 5 H.P. It is also well to remember another point. In the above 
calculation the efficiency of the motor was taken as 85 per cent., 
which will be correct for any well-made modern electric motor when 
it is new. But if the pumping plant is to be of any service, it will 
probably have to work for a number of years, and the efficiency of 
all parts will decline. The gearing will probably wear; the pump 
valves, where there are any, will wear, and will allow slip of the 
water past them; the efficiency of the electric motor will also de¬ 
crease from various causes, particularly if it is of the continuous 
current type, and its commutator has to be renewed. It is therefore 
wise to consider the efficiencies as rather lower than those given above, 
or, in other words, to allow a larger motor. This is a wise rule to 
adopt in every case where motors are employed in mining work. It 
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means probably a little extra current when the motor is first run, 
but it means continuous running, which is of far more importance, 
and which saves the additional coal many times over. It will be 
understood that the power mentioned, the 26*5 H.P. or more that 
is to he delivered to the motor, is the electrical energy actually 
present in the motor, when it is working, as measured by the current 
passing through it, multiplied by the pressure across its terminals. 
Thus, for 26*5 H.P., if the pressure at the terminals of the motor 
when it is running and furnishing its 26*5 H.P. is 560 volts, the 
current it will be absorbing will be 39*7 amperes, and that is the 
current that must be provided for the motor when performing its 
full work. 


Haulage 

The next use of electricity in mines was for haulage. There are 
three forms of haulage, to all of which electric driving has been 
applied—endless rope, main and tail, and single drum. The endless 
rope problem is by far the simplest. The haulage system consists of 
a single rope coiled round a friction pulley at the driving station, 



Fro. 135.—Section of David Bridge’s Friction Clutch. 


carried forwards on pulleys between one pair of rails to the end of 
the road, round a tightening pulley at that end, and back over rollers 
to the driving station. One half of the rope is travelling towards the 
driving station, and to this half the full trams are attached by clips, 
chains, and other devices. The other half is travelling towards the 
coal face, and to this the empty trams arriving from the surface are 
also hitched. There is practically, when the mine is working normally, 
a uniform load upon the driving shaft of the friction pulley, and all 
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that is required from any form of motor is rotary motion communicated 
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shaft, and the friction pulley belonging to each rope is provided with 
a friction clutch, which connects it to the driving shaft, and disconnects 
it at will. Shunt-wound continuous and three-phase motors are the 
most suitable for this class of work, but the same difficulty arises 
about reducing the speed. This, however, has been easily overcome 
by the interposition of second motion shafts, between the shaft of the 
motor and the driving shaft of the haulage. The question of starting 
against a heavy load does not often arise here, as the whole of the 
haulage ropes can he disconnected when starting up by means of 
their friction clutches. Figs. 135 and 136 show forms of friction 
clutches, and Jig. 137 the arrangement of two or more on one shaft. 
Plate 27a shows an electrically driven endless haulage plant. 


Power required for Endless Rope Haulage 

Where electric driving is being introduced to take the place of 
driving by steam, compressed air, or ropes, the simplest method of 
finding the power required is to indicate the engines that are doing 
the work by the method that is being displaced. But where the 
haulage is being laid down new, or where there is no opportunity of 
obtaining an accurate measurement of the power being taken, the 
calculation is a very simple one to find out what power the motor 
should he capable of exerting. The author would again warn those 
who have matters of the kiud in hand, against the common failing of 
allowing too little power. It is too often supposed, when electricity 
comes on the ground, that it will do the work with a less expenditure 
of energy than other power. Where electricity has the advantage in 
mining work is in the smaller losses in transmitting the energy. 
Steam, for instance, which is now almost obsolete, but which was 
employed very largely thirty years ago for transmitting power in 
mines, is subject to very heavy losses from condensation in the steam 
pipes. A large portion of the steam which should perform work in 
the engine driving the haulage or other apparatus is converted into 
water on its way to the engine it is to drive, and is then not only 
useless for driving, but is often a danger to the cylinders of the 
engines, and to portions of the steam pipes. Compressed air is also 
subject to very heavy losses, principally owing to the leakage of the 
air which takes place, from the pipes which are transmitting it to the 
engines it is to work. As mining engineers know, to their cost, 
the floors of a mine are constantly working, constantly changing 
their form, and bringing excessive strains npon the joints of pipes 
which lie on the floors, with the result that leaks are frequent, and 
the air delivered to the engine in-bye is very much less than that 
which wm compressed for the purpose on the surface. To calculate 
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the power required for an. endless rope haulage system, it is first 
necessary to find the total weight of the largest number of trams 
which are on the road at any instant. As was explained, there 
should be the same number of empty trams as full trams on the 
two sections of the rope at any moment, so that the total weight 
upon the rope is found by taking the total number of trams, or twice 
the number of either full or empty trams, and adding to it the total 
weight of coal carried by the trams, or the weight of coal carried by 
any individual tram, multiplied hy the number of full trams on the 
road. Thus, if there be twenty empty trams and twenty full trams 
upon the road, and each full tram carries one ton of coal, while each 
tram itself weighs, say, half a ton, the total weight upon the rope is 
40 x l ton = 20 tons 4 - 20 X 1 ton = also 20 tons, or a total of 40 
tons. The work required to he performed in transporting the 20 tons 
of coal and the 40 trams is the work employed in overcoming the 
friction of the tram wheels against the rails and the tram axles them¬ 
selves in their bearings, or, where the wheels are loose, the axles in 
the hubs of the tram wheels. The frictional charge, as it is called, 
has been measured for a number of trams working under different 
conditions, and by the latest determination it has been found to be 
from 32 to 80 lbs. per ton, according to the condition of the road, 
the trams, etc. That is to say, when a tram or a number of trams 
weighing the 40 tons mentioned above are being transported along 
the line of rails in a mine, the work required to transport them on 
a level road may be as much as 40 X 80 lbs. = 3200 lbs. The work 
involved in transportation is measured by this frictional charge, 
3200 lbs., multiplied by the rate at which the load is being moved, 
the number of feet it is moved over per minute, the work performed 
in transporting when measured in tins way, being equivalent to the 
work that would have to be performed in lifting the same number of 
pounds the same number of feet vertically as it is transported over in 
a minute on the level. Endless rope haulage runs at from 1J to 3 
miles per hour, 2 miles an hour being a fairly average rate, and 
this is equivalent to 176 feet per minute. So that the work required 
to be performed in transporting the 40 tons of mineral and waggons 
at the rate of 2 miles an hour will be measured by— 


3200 x 176 
33,000 


= 17*67 HJP. 


In addition to this, if the road inclines at all, either against the load 
or with the load, the circumstance must be taken into account in the 
calculation. Thus, suppose that the road dips gradually 1 in 40 
towards the face. This means that the full trams have to be lifted 
the vertical height corresponding to that gradient in their passage 
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from their hooking-on places to the driving engine. On the other 
hand, the empty trams have the benefit of the falling gradient, and 
it may be taken that the weight of the empty trams descending 
balances the weight of the full trams, but without the coal, ascending 
so that the lifting of the weight of coal through the vertical height 
has only to he provided for. The question arises here also as to the 
average height through which the coal has to be lifted. The filled 
trams are hooked oil at various points along the road, where branch 
roads, or, as they are called, secondary haulage roads lead to the face 
of the coal If we assume the total length of the haulage road to 
be one mile, and that the trams commence to hook on at half a 
mile, so that those from the nearest station have to he transported 
through half a mile to the hauling engine, and through the vertical 
height due to half a mile, while the tram at the farthest hooking-on 
place has to be transported a mile and lifted through the vertical 
height corresponding to a mile, we shall not be far wrong if we 
take three-quarters of a mile as the distance and the height due 
to that as the vertical lift. In addition to the above there is the 
power required for moving the rope itself, which varies, of course, 
according to the weight of the rope, the number of rollers, sheaves, 
etc., it travels over, and the rate at which it travels. 

Having obtained the power required to overcome the friction of 
the mine wagons, that required for the vertical lift, if any, and that 
required for moving the rope, we have in the snm of these the total 
power that must be delivered to the rope itself. To this quantity 
must be added the power absorbed by the friction pulleys, axles, etc., 
this total making the power that must he delivered to the driving 
axle of the friction pulleys. As in the case of pump driving, we have 
then to add the power absorbed by the second motion shaft, where 
one is employed, as is most usual, and by the motor itself. Taking, 
as before, the efficiency of the gearing as 95 per cent., and that of the 
motor as 90 per cent., the combined efficiency of the two will he 
85J-, and the total power arrived at, as described above, must be 


multiplied by 


100 


The author would give the same caution in 


this case as in the case of pump driving, and would strongly advise 
that in the calculations the efficiency of the motor and the gearing 
should not be taken at their best, because, as in other cases, the 
efficiency decrease with time and wear, and it will be safer if the 
motor is takeif at 80 per cent, and the gearing at 90 per cent., the 
combined efficiency being taken at 72 per cent. 

The number of trams that will be upon the road when the rope is 
fully loaded will be found by taking the output that is required from 
iha particular district, and the quantity of coal carried by each tram. 

The siagle dram or dip haulage motor also presents a simple 



'late 23a— Single Chamber, High Lift Centrifugal Pump, driven by Electric 
Motor. Messrs. Matlier & Platt. 



Plate 23b.— Mather & Platt’s Variable Stroke Three Throw Ram Pump, 
drivon by an Electric Motor. The three Cylinders are arranged round 
the Containing Cylinder, and the Stroke is regulated by the Lever on 
the Right. 


[To face p. 304 . 
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problem. It consists usually of a drum with a rope coiled on it, the 
rope being driven by any convenient source of power. The rope is 
usually carried down a dip to the face, where it is attached to a full 
tram, which is hauled up to the top of the dip or “ brow ” by winding 
the rope up on the drum. Series, shunt-wound, and three-phase 
motors are applicable to this work, but, preferably, the shunt-wound 
motor, with a series coil added to give starting torque. It is some¬ 
times arranged for one end of the rope to lower one or more tubs 
down, while the other end is hauling one or more up, the motor, if 
one is employed, having only to furnish the difference between the 
energy given out by the descending tubs and that taken by the 
ascending tubs. 


Power required for Single Drum Haulage 

Single drum haulage plants may be used for short “ staple ” pits, 
from one seam to another within the mine, also for winze hoists in 
metalliferous mines, and for hauling single or a small number of trams 
up dip roads, leading from the face to the main haulage road. The 
calculation for the two is not quite the same. Eor the simple hoist 
or wind the power required is measured by the weight of the cage 
and its load, or the skip and its load, plus the weight of the hoisting 
rope, multiplied into the vertical height lifted. This is the total 
power required in foot-pounds, and the horse-power required is 
found by taking the lift in feet in one minute, multiplying it into the 
total weight, as described above, and dividing by 33,000; or, where the 
time is very short, taking the total lift in one second, multiplying by the 
weight, and dividing by 550. This gives the horse-power that must be 
delivered to the rope that is to raise the cage or skip with its load. 

To this power must be added the power absorbed in friction by 
the drum upon which the winding rope is wound up, that absorbed 
by the gearing, if any, and that absorbed by the motor. Or taking 
again the efficiency of the motor as 90 per cent., and the combined 
efficiency of the gearing and drum as 80 per cent., the power to be 
delivered to the rope must be multiplied by Where the single 

drum is employed to pull up an incline, the power required is made 
up of two quantities—that required to raise the load, consisting of the 
tram and its load of mineral through the vertical height, and that 
required to overcome the friction of the tram wheels upon the rails 
and upon their axles. These are found in the same way as described 
with endless haulage, and the total power is equated with the 
efficiencies of the haulage drum and the motor—say a combined 
efficiency of 72 per cent., as described above. Plate 27b shows an 
electrically driven single drum haulage plant. 
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Main and Tall Haulage 

The main and tail haulage is the most difficult of all to deal with. 
With this arrangement there is practically an endless rope, hut it 
consists of two ropes, called respectively the main and the tail rope. 
The main rope is attached to the front of a journey of trams, the tail 
rope being attached to the rear tram, the trams completing the 
loop. The trams, as they are filled, are hauled to a certain point, to 
which the main and tail ropes are also brought. They are pulled out 
to the haulage station by winding the main rope on its drum. The 
tail rope at the same time being run out off its drum, it being taken 
round a pulley in the same position as the tightening pulley of the 
endless haulage, and attached to the rear tram. When the full trams 
have been pulled out to the haulage station, and passed on to the pit 
bottom or to the main haulage, as is frequently arranged, a journey 
of empty trams is made up which complete the loop between the 
main and tail ropes, and they are pulled out to the station from which 
the full trams were brought by winding up the tail rope on its drum, 
and allowing the main rope to run out behind the trains. The problem 
is more difficult than the endless rope problem, because the motor 
has to start against the full load, and because the haulage roads are 
nearly always very irregular. Turing one portion of the run out the 
load may be running up an incline, and during another portion it may 
be running down an incline, while during a third it may be on the 
level. 

Further, as the load approaches the haulage station, the speed has 
to be lessened gradually, and the journey brought quietly to rest, in 
such a manner that the horses, which are often employed to draw it 
to the pit bottom, or to the main haulage, can easily handle it. The 
shunt-wound motor and the three-phase motor are again the most 
suitable, the shunt-wound motor having a series coil added for start¬ 
ing torque, and its speed being controlled by varying the current in 
the field circuit. The speed of the three-phase motor is controlled by 
inserting resistance in the rotor circuit, which is brought into opera¬ 
tion only when speed is to be lessened, and when the journey 
is to be brought to rest. At the recent Colliery Exhibition, 
the Lahmeyer Co. showed what, in the author’s view, was a 
very well worked out arrangement. The three-phase rotor was 
wound for only two phases, the stator being wound for three, 
lesistances of sufficient size were arranged to "be thrown into the rotor 
circuits, and the whole was controlled by a horizontal drum, controlled 
m the lines of the tramcar controller. The controller itself, and a 
isvieraiiig switch, were operated at a convenient distance by a long 
lew* very similar to the ordinary steam engine lever, which was 
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thrown forward or backward to insert or take out resistance, and to 
right or left, to direct the current normally or reverse, so that the 
attendant had the apparatus completely under control, and with a 
very simple arrangement. Plate 27c shows an electrically driven 
main and tail haulage plant. 


Power required for Main and Tail Haulage 

The motor required with main and tail haulage is always larger 
than that required with endless rope haulage, because a larger 
quantity of mineral has to be drawn out at one journey, and at a 
higher speed. While the load in the case of the endless rope haulage 
system is uniformly distributed throughout the rope, and the rope is 
always working, always receiving a load both for the pit bottom and 
for the face, and is always delivering coal at the pit bottom and 
delivering waggons at the face, with main and tail haulage the work 
is done more or less spasmodically. As explained, a journey of 
trams making up a considerable quantity of coal, is made up at 
intervals, and is pulled rapidly out to the pit bottom. While the 
endless rope also runs at only an average of two miles an hour, the 
main and tail ropes run usually at from six to ten miles an hour. 
Hence the greater economy of the endless rope system in engine 
power. While the actual work done is the same, the same quantity 
of coal being drawn over the same distance, with the endless rope a 
long time is taken in the transportation, and so a smaller engine or 
motor is able to do the work. The great advantage of the main and 
tail system over the endless rope is the fact that only a single road 
is necessary, while a double road is required with the endless rope, 
and this delayed the adoption of the endless rope system for a very 
long period. With main and tail haulage the power required is 
made up, as before, of two portions, that required to overcome the 
friction of the trams on the rails, etc., and that required to provide 
the vertical lift. As before, the power required to overcome the 
friction is obtained by taking the weight of the largest number of 
trams that may compose a journey, plus the weight of the largest 
quantity of mineral that the trams may carry, and allowing 80 lbs. 
per ton of this quantity, multiplying the amount so obtained by the 
distance travelled over in one minute, 880 feet, where the rate of trans¬ 
portation is ten miles an hour, and divided by 33,000. The power 
required for the vertical lift is found in the same way as has been 
described in connection with endless rope and single drum haulage, 
but, as was mentioned, main and tail haulage roads are often very 
irregular, and the power required for the vertical lift will be that 
required to transport the journey up the steepest rise between the 
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hooking-on place and the hauling engine, at the rate at which the 
journey is travelling. The power required to drive the rope must 
also be taken into consideration, as with endless rope haulage, and 
the total amount equated with the efficiencies of the motor gearing 
and drams, as already explained. 

Transmitting the Power from the Electric 
Motor to the Haulage Gear 

In the early days of mechanical haulage, steam and compressed 
air driven, there was only one method of transmitting the power 
from the crankshaft of the engine to the shaft of the haulage plant, 
viz. by means of spur gearing. Spur gearing has the advantage that 
it is very good natured, it will go on working, provided that the power 
is delivered to it, when other gearing would refuse, but it is apt, 
in most mines, to be a great waster of power. In coal mines in 
particular, coal-dust gets in between the wheels and creates con¬ 
siderable friction, and the same thing is apt to be met with in 
metalliferous mines. Where, as in some instances, short ropes have 
been employed to displace a portion of the gearing, there has been 
less chance* for an increase of friction from dirt between the wheels of 
the gearing, because there were fewer wheels, but the rope drive has 
itself introduced a loss of often as much as ten per cent. The only 
other method is by worm gearing, and up till recently this was very 
inefficient. Late developments, however, combined with better know¬ 
ledge of the subject, and better tools, have enabled special makers of 
worm gearing to produce gear which it is claimed has an efficiency 
as high as eighty-five per cent, and over. Though this efficiency is 
not as high, as spur gearing when new, it will probably remain at 
or about its initial efficiency, with reasonable care, long after spur 
gearing has been reduced considerably below that figure. Apart 
from the question of efficiency, worm gearing is the ideal arrangement 
for power transmission for haulage gear. It enables the haulage 
motor to be fixed on an extension of the bedplate carrying the 
haulage drums or friction pulleys, and the worm gearing enclosed in 
an oil chamber to he fixed well out of the way on the same bedplate, 
and so as to transmit the power evenly and continuously to the shaft 
of the haulage gear. It must be remembered, however, that when 
worm gear is employed, the additional power required must be 
provided in the motor. And, as was explained in connection with 
of pumps, the power the calculation shows that is required 
ered to the motor, must he that found by taking the current 
'gh the motor when doing its full work, multiplied by 
‘ the service across its ter minals at the same instant. 
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Overhead Rope Railways 

The overhead rope railway is a very useful apparatus for trans¬ 
porting coals or rubbish across a valley, especially where either a 
railway or a river, or, as often happens, both run in the bottom of 
the valley, or in certain cases for transporting them either up or 
down a steep hillside, and for other conditions. There are different 
forms of rope railways, but they are all on certain lines. There is 
always a stout wire rope stretched across the valley or space to be 
spanned, maintained as tight as conditions will allow, and the carriage 
or truck carrying the coal or the rubbish is suspended under the rope 
by hangers depending from two substantial double-flanged wheels 
which run on the rope. A haulage rope, which may be endless or 
single, practically completes the apparatus. Where one side of the 
span is higher than the other, the load is allowed to descend by 
gravity, and is pulled up by the haulage rope, which is worked by 
a small engine and haulage drum at the top. Where the two stations 
are approximately level, there are sometimes two engines, with two 
haulage ropes, one at each end, one pulling the load in one direction, 
and the other pulling it in the opposite direction, and sometimes the 
rope is worked from one end and is endless, the direction of motion 
of the engine being reversed when the direction of transportation of 
the load is reversed. The haulage drum in this case may conveniently 
be worked by an electric motor, where there is one on the ground, 
and it will preferably be of the shunt-wound type, and may be 
geared to the haulage drum by spur or worm gearing, as convenient. 
The power required will be found in a similar manner to that 
described for ordinary haulage. There will be the vertical lift, where 
one station is higher than the other, and there will be the friction of 
the flanged wheels on the rope. 

A modification of this, which was introduced some time ago by 
Messrs. Brothers, consists of what is practically an electric locomotive 
running on the stretched cable by means of the two flanged wheels, 
but taking current from a copper wire stretched between the stations, 
connection being made by means of another pulley, arranged for the 
purpose running on the wire. 

There is also the arrangement known as the Telpher system. 


Winding by Electricity 

Winding is the crux of the whole problem of working mines, and 
particularly coal mines, by electricity. In coal mines the winding 
engine absorbs about fifty per cent, of the total power generated at 
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the colliery, so that if winding can be done economically electricity 
has a very good chance of success, and vice versa . The winding 
problem is itself a somewhat difficult one. The usual arrangement 
is, there are two cages, one of which will be at the bottom of the 
shaft with its load of full trams, the other at the top of the shaft 
with the empty trams. When the wind is started, sufficient energy 
must be present to move the load at the shaft bottom from rest, to 
lift the weight of the wire rope attached to the cage, to overcome the 
inertia of the winding drum and the winding engine itself, and to 
furnish the power required for acceleration. As the wind proceeds 
the weight of the ascending rope becomes less, while that of the 
descending rope becomes greater, and the descending cage is acquir¬ 
ing momentum every instant, till at a certain period of the wind 
the momentum of the descending cage is sufficient to perform the 
remainder of the work involved in raising the ascending cage to 
the bank. Any one who watches a steam winding engine at work, 
particularly if it exhausts into the atmosphere, will notice that 
considerable power is exerted when the wind commences, that it 
gradually decreases, and some sensible time before the ascending 
cage arrives at the hank, steam has been completely cut off from the 
engine. Part of this difficulty has been overcome by what is known 
as the “ Koepe ” system, in which a balance rope is employed. A 
wire rope is attached to the under side of both cages, the loop passing 
under a pulley in the sump at the bottom of the shaft. The winding 
is performed also by a single rope, the ends of which are attached to 
the upper sides of the cages, the driving being performed by a friction 
pulley, or similar arrangement, so that the engine has only to over¬ 
come the friction of the whole apparatus, and to raise the net load 
of the mineral. 


The Sources of Waste in Winding 

One great source of waste in connection with winding engines is 
condensation of steam. As explained above, steam is shut off in 
the great majority of winding engines several strokes before the 
completion of the wind, and the engine stands without steam in its 
cylinder while the cages are being unloaded and reloaded. Eurther, 
the raising of mineral usually only occupies from eight to ten hours 
of the day, while the winding engine must be ready to raise or lower 
men, timber, tools, horses, etc., at any time during the remainder of 
the twenty-four hours. During the period the engine is standing 
condensation goes on very rapidly. 

Though a very large effort has to be exerted by the steam engine 
when the wind commences, that is to say, when the cage is first 
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lifted from the bottom, that is not the period at which the greatest 
expenditure of power takes place. It is after this, when the engine 
has taken the weight of the cage and the rope, and has commenced 
to draw it up the shaft, and is rapidly increasing the rate at which 
it is raising it. The problem is very similar to that of the locomotive 
on a railway, when starting from rest. Great power is required to 
get up speed, or, as it is termed, to provide for the acceleration, the 
increase of speed up to the running rate, a certain increase taking 
place in each instant. Thus it is during the period of the wind, 
after the cage is lifted and before the descending cage has acquired 
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Fid. 138.—Diagram of Oonnections of Three-phase Electric Winding Plant at 
Preussen II. Colliery. A is the Stator, B is the Botor, G the Liquid Controller, 
D the Reversing Switch, JE the Controllers, and F the Winding Drum. 


much momentum, that the great expenditure of power is required. 
After the descending cage has acquired sufficient momentum to 
perform the remainder of the wind, it is also increasing its momentum 
every instant, while the weight that is being lifted is also decreasing 
with every instant. Hence there is a surplus of power in the latter 
portion of the wind that is unused in steam winding, and it is the 
endeavour of nearly every system of electrical winding to utilize this 
hitherto wasted energy, to assist with the heavy expenditure of energy 
in the early part of the wind, and so to lessen the size of the motor 
employed, etc. 
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ELECTRICITY IN MINING 


The earliest application of electric winding was to staple pits, tlie 
arrangement, as already explained on p. 305, being merely a modi¬ 
fication of the single drum dip haulage, and being worked either by 
shunt-wound continuous current, or three-phase motors. 

The shunt-wound and series-wound continuous current motors 



and the three-phase motor 
^ have been also adapted 
5 in America and on the 

Continent for winding 
nj ©-jg g from the main shaft, by 
15^ simply gearing the motor 
21 * g * to the ax ^ e t ^ ie winding 
odlll drum, just as with a 
° | haulage plant, the start- 

ing switch and resistance 
g j! o ^ ^ being made to be worked 
a m a ^ by a lever, similar to the 
% lever used with steam 
a°Jlgp 4 engines. It is doubtful 
~g § whether, in some cases, 
^•-§3US this arran g emerLt is so 
- wasteful as it seems. The 
;S g ft-g § complaint is made that 
.S ° ^ I 2 a considerable waste of 
^ j? Jf-91 current takes place in 
g oO the starting resistance, 
and this is quite correct; 
W g g* r §^ but as with ordinary 
motors of every kind, 
g j> the starting resistance is 

■§1 onl y i n circuit for a very 

© ^ ^ ^ short interval, and though 
it is repeated at every 
:§rtfjj^s wind, it is easy to con- 
^ J ^ ceive conditions under 
g © which the loss from this 
gal cause would not be 
ocgcq^ serious, and would not 
^ make up for the interest 

on the very heavy cost 


of more economical plant. There is also the other complaint 
which has been alluded to above, that the later portion of the 


wind, when the energy is being given out by the descending 
cage, is not made use of to assist the economical working of the 


apparatus. With very deep mines, and where very rapid winding 


k 




24a. —Worthington Multiple Plate 24n. —Electrically Driven Three Throw Ham Pump, 
go, High Lift Centrifugal Pump, arranged for Sinking, by Messrs. Frank Pearn & (Jo, 

/on by an Electric Motor and 
anged for Sinking. 

[To /ace p. 812. 
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is necessary, as in some of the deep mines of the United Kingdom, 
and in the large gold mines on the Rand and elsewhere, where a very 
large output is absolutely necessary to give a return for the very 
heavy outlay in sinking, etc., the criticism is well founded ; but with 
shallow mines, and with mines such as some metalliferous mines, 
where winding is not at high speed, the loss due to the non-use of the 
energy liberated by the descending cage is not great. There is, how¬ 
ever, another and a more important objection, and that is that when 
the wind starts, a very large current is necessary in order to provide 
the large starting torque, and this may have a serious effect upon the 
pressure of the service delivered at the mine, where the mine is 
receiving current from a generating station at a distance, and upon 
the generating station itself, if it is designed to work very close to its 



possible output. Mr. W. C. Mountain, of Messrs. Ernest Scott & 
Mountain, repoits that at Preussen II. Colliery in Germany, where 
the winding is done by three-phase motors directly connected to the 
winding drums, when the wind started, a drop of from 600 to 900 
volts from an initial pressure of 2300 to 2400 volts took place, and 
that it required two engines, each of 750 H.P., and two generators, 
each of 550 K.W., to furnish the necessary current for winding. The 
pit in this case is 600 yards deep, and the winding speed was 52 feet 
per second when drawing coal. But again, with shallow pits and 
with small outputs, and with low speeds, etc., in fact anywhere but 
in the case of the large mines mentioned, this may not be serious. 
In a great many instances it would not be; and meanwhile the 
arrangement has the great advantage of simplicity and low cost. Plate 
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ELECTRICITY IN MINING 



28a shows an electrical winding plant in a German colliery 
frontispiece, the electrical winding plant at Lens colliery in Fr; 
Fig. 138, a diagram of the winding plant at Prenssen II. coll 
Figs. 139 and 140, that at Zollern II. colliery. 


The Siemens* Ilgner Winding Arrangemen 

The Siemens-Ilgner apparatus was the first to seriously a 
the electrical winding problem on economical lines, and the 
underlying both the early form of the apparatus in which acc 
lators were employed, and the later form in which a flywh* 
used, was to absorb the energy given out by the descending cage 
to use that energy, or all of it that is available after charge 
storage and conversion have been met, to assist in starting the 
from rest, and in meeting the heavy charges for acceleration a: 
commencement of the wind. In the Siemens-Ilgner apparatus 
current from the supply station is brought to a motor gene 
consisting, as explained in Chapter IV., of a motor whose rot 
member is mechanically connected to the armature of a genei 
the motor receiving current from the supply station at wha 
pressure, and in whatever form it is convenient to deliver 
stationary transformer being employed where necessary to tram 
the pressure down to any convenient figure. On the axle o 
motor generator is a heavy flywheel, specially constructed to 
with safety at a high velocity, and it is in this flywheel tha 
energy liberated by the descending cage is stored, and from wh: 
is delivered, in the well-known flywheel manner, on the next 1 
A direct current motor is geared to the winding drum by spur ge 
in the usual way, two motors being employed, one on each si' 
the winding drums in some cases. The armature of the gene 
of the motor generator and that of the winding motor are conn 
in series, so that when the motor calls for current, as explained 
previous part of this chapter, it receives it from the motor gene] 
which in its turn calls for it from the generating station, 
pressure at which the current of the motor generator is general 
regulated by an adjustable resistance connected in the field circi 
the generator side of the motor generator, the quantity of resisi 
in circuit at any instant being adjusted by the engine man's 1 
The working of the arrangement is as follows: When startii 
wind, a certain exciting current is delivered to the generator o: 
motor generator, and a certain current passes from it to the mot 
the winding engine, the current being sufficiently strong to pr< 
the torque necessary to start the winding drum, rope, etc., from 
After the cage has been lifted from the bottom, the excitation oj 
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motor generator is increased gradually, this providing the necessary 
increase of current to furnish the acceleration required to provide the 
increased speed of the cage. As the wind proceeds, the excitation of 
the motor generator is gradually lessened after the acceleration period 
is passed, and after the point is reached when the energy being 
delivered by the descending cage is sufficient to perform the wind, 
the excitation of the motor generator is made such that its pressure 
is less than that of the hack pressure created by the winding motor. 
As the wind goes on and the descending cage drives the drum and 
the motor, the latter delivers current to the motor generator, driving 
the generator as a motor, the energy so delivered being stored in the 
flywheel, and the arrangement enabling the motor to be brought 
easily and quickly to rest on arriving at bank. When the next wind 
commences, in place of the heavy starting current being required 
from the generating station, the flywheel of the motor generator 
delivers up a portion of the energy it received in the latter part of 
the last wind, and this enables the starting current to be considerably 
reduced. The energy in the flywheel also assists the motor during 
the acceleration period, the result being that the call upon the 
generating station is very nearly uniform throughout the mineral 
winding period. In the first arrangement worked out by Messrs. 
Siemens and Herr Ilgner, an electrical accumulator was used in 
place of the flywheel, the accumulator absorbing the current delivered 
to it by the motor during the later period of the wind, and delivering 
current to the motor during the early period of the wind, very much 
after the same manner as the automatic reversible booster does. It 
was found, however, that sparking at the switches gave a great deal 
of trouble, as the currents were necessarily very large, and it was 
abandoned in favour of the flywheel. The question is one of flywheel 
versus accumulator, or mechanical versus electrical storage of power. 
There is a certain amount of danger in a heavy flywheel running 
at a high speed, and there is considerable difficulty in handling an 
accumulator under the conditions at a colliery. Eig. 141 is a diagram 
of the connections of the Siemens-Ilgner system, from the power 
station to the winding motor, and showing the method of control 
and the flywheel converter. 

With the “ Koepe ” system of winding rope, the problem of 
electrical winding is very much simplified, and it is doubtful whether 
the complicated machinery of the Siemens-Ilgner is then necessary. 

A modification has been developed by the Lahmeyer Co., in 
which also a flywheel is employed. In this arrangement there are 
two motors driving the winding drum, and they receive current 
partly from a motor generator, and partly directly from the supply 
service, the motor generator carrying a flywheel, as in the Siemens- 
Ilgner arrangement. To the motor generator is added a small 
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of the supply service and the reversed motor generator. When the 
current is to be reduced, the excitation of the motor generator is 
gradually again reduced, it again passes through the zero point, 
is again reversed, its pressure again gradually increased, till when 
the wind is complete, the pressure is completely cut off from the 
winding motors. The flywheel in this case absorbs the power given 
off at a certain portion of the wind, and restores it at the moment 
of starting. This arrangement has so fax, the author believes, only 
been applied to mines where the Koepe balance system is employed, 
and in the special case under notice at the Xigny-des-Aire mines, 
the motor house is fixed on top of the head stocks, the drums being 
carried by axles supported by the head stocks, and the whole of 
the wind being vertical In this arrangement also the control is 
entirely "by the engine man’s lever, varying the excitation resistance 
in the field coils of the motor generator, and in the booster. The 
variation in the pressure delivered by the generator of the motor 
generator is accomplished partly by varying the current in its own 
field coils, and partly by varying the current in the field coils of 
the booster. 

In this arrangement, and also in the Sieinens-Ilgner, it will he 
noticed that the current dealt with by the engine man, is only the 
small current passing through the shunt coils of the field magnets of 
the motor generator or booster, or exciting dynamo, so that there is 
no difficulty in constructing regulators, worked by levers very similar 
to those used with steam winding, which vary the resistance, without 
an amount of sparking that cannot be easily extinguished. Plate 
20c shows the reversing apparatus employed by the International 
Electric Engineering Co., at the Waihi Junction Mine in New .Zealand, 
and Plate 28 b the winding motor and brake at the same mine. 


Westinghouse System of Electrical Winding 

The Westinghouse Co. have worked out a system of winding by 
electricity, in which the flywheel storage system is adopted, but in 
a different manner to either the Siemens-Ilgner or the Lahmeyer. 
The Westinghouse Co. call their arrangement the converter equalizer 
system, because a rotary converter is employed, not to deliver current 
to the winding motors, but to equalize the amount of current taken 
from the supply service, by storing the current that is nob required 
when winding is not in operation, in a flywheel, the flywheel 
delivering the energy stored in it to the winding motors, to make up 
the excess demand during the periods of starting and acceleration. 
"Where a three-phase high-pressure transmission system is employed, 
the three-phase currents are taken direct from the high pressure 
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system to the winding motors, transformed down if the pressure is 
extra high tension. Branch circuits are taken from the supply 
service to a rotary converter, through a stepdown transformer, and 
the continuous current side of the rotary converter is connected to a 
continuous current dynamo, having a flywheel carried on its driving 
axle. It is this flywheel which stores the energy, and the dynamo 
which acts alternately as motor storing energy and as generator 
delivering energy to the high-pressure three-phase motors. The 
arrangement is as follows. The winding drums are driven by three- 
phase motors directly geared to them by spur gearing. When the 
winding motors are not taking current, the whole of the current that 
would be supplied to them passes to the rotary converter, and from 
it after conversion, to the flywheel dynamo, which it runs as a motor, 
the energy it is delivering being stored in the flywheel. When the 
wind is started, current is delivered to the winding motors from the 
power service, and from the rotary converter. The flywheel dynamo, 
which is no longer receiving current, immediately commences to 
generate current when the wind commences, the flywheel giving up 
the energy it has stored, and driving the dynamo as a generator. 
The current generated by the flywheel dynamo is converted in the 
rotary converter to three-phase currents, and thence after transfor¬ 
mation is delivered to the supply service, and assists the currents 
from the generating station in supplying the winding motors. There 
are a few other details that have been worked out by the Westing- 
house Company. The pressure of the flywheel dynamo is controlled 
automatically from the supply service, by a controller acting upon 
its field coils. The operation of winding is controlled by the engine 
man by means of a lever moving over an arc, very similar to that in 
use with steam winding. When the winding lever is thrown 
forward, two operations take place, levers connected mechanically 
with the engine man's lever move a reversing switch by a link 
motion, and they also operate a liquid starting switch. The first 
action as the lever is moved forward, puts the reversing switch 
in its proper position for the wind, and it is not until the connections 
are made in this switch that the starting switch is put in operation. 
The starting switch, which consists of three electrodes in & tank 
to which the liquid is admitted, is then operated gradually in the 
usual way, and the wind and acceleration proceeds. The winding 
drum is provided with a pneumatic brake, controlled by another 
lever at the engine man's left hand, and he also has a trip 
emergency lever close to his foot. Further, in case of accident the 
emergency brake is put on automatically by an arrangement of trip 
levers released by a solenoid. Figs. 142, 143, and 144 show the 
connections and general arrangement of the apparatus. 
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Plate 25a.— Centrifugal, Electrically Driven Sinking Plate 25b.— Electric Loco for Mining Use, 

Pump, ready for lowering into the Sinking. Messrs. with Bow Trolley, as used on the Conti- 

Mat her & Platt. nent, made by Messrs. Dick, Kerr & Co. 

ITo face p. 320. 
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ELECTRICITY IN MINING 


Winding in Metalliferous Mines 

In the older forms of metalliferous mines, such as the older 
mines in Cornwall, winding was very slow, and the number of winds 
per hour was small. With the development of the Rand mines, 
however, and some other gold mines worked on similar lines, this 
has been changed, and winding is as rapid from modern metalliferous 
as from coal mines, as much as 3600 tons being brought to the 
surface in a shift of eleven hours and three-quarters, and as many as 
92 winds being made per hour. The shafts of metalliferous mines 
differ from those of coal mines in several particulars. In the older 
mines they are not vertical, but follow the lode, and in some of the 
old Cornish mines often turn about in a very peculiar manner. Even 
in modern mines on the Rand, and other goldfields, many of the 
shafts are at an inclination with the vertical, and in the lode. 
Eurther, in metalliferous mines it is required to raise ore from a 
number of different levels, and to be able to stop the skip at any 
level from which ore is ready to be wound. The mine shafts are 
also very much deeper than the great majority of coal pits. Hence 
a special arrangement has been introduced for winding, which is 
practically an enlarged copy of the arrangement for straining the 
rope in endless haulage. There are two winding drums, really 
friction pulleys, or friction drums placed one in front of the other, 
driven by one pair of engines, the connecting rod of the engine 
driving the rear drum, and a second pair of connecting rods driving 
the front drums, in a similar manner to the arrangement for driving 
the wheels of a steam locomotive. One end of the rope is attached 
to one skip, is given a few turns round the front drum, then a few 
turns round the back drum, and then it is taken to the other com¬ 
partment of the shaft, and thence to the other skip, one skip descend¬ 
ing as the other one rises. In addition to this, to provide for 
stopping the skip at different levels, the rope, before it passes to the 
other compartment of the shaft, is taken back around a pulley 
similar to the tightening pulley of an endless rope, and brought 
forward again to the shaft. The tightening pulley is arranged to 
run on a pair of rails behind the engine house, fitted especially for 
the purpose, the tightening pulley being held at any point upon the 
track, according to the requirements of the wind. When it is re¬ 
quired to wind from a shallow level, the tightening pulley is run 
back to the full extent of the track, that length of rope being practi¬ 
cally wasted. When it is required for the skip to go to deeper levels, 
the tightening pulley is brought forward to whatever point may be 
required, the different points being marked on the track, and the 
tightening pulley being moved by an engine provided for the purpose, 
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the whole operation 
being stated to take 
only a few minutes. 
In this way it is 
arranged to wind from 
each level in turn, as 
may be required. The 
above arrangement is 
for steam winding, and 
is shown in Eig. 145, 
but it is perfectly 
applicable to electric 
winding, one or two 
motors as may be 
arranged, preferably 
two, being fixed to 
drive the rear drum, 
the forward drum 
being driven by 
parallel connecting 
rods, and another 
motor being provided 
for moving the tighten¬ 
ing drum. The winding 
motors can be fed with 
current either directly 
from a three phase 
service, the motors 
themselves being three 
phase induction 
motors, or, as would 
probably be preferable, 
by one of the other 
systems that have been 
described, in which a 
flywheel and motor 
generator are em¬ 
ployed. In the modem 
metalliferous mines 
also, the balance rope 
system is sometimes 
employed, a balance 
rope connecting the 
bottoms of the two 
skips, so that the engine 



Fig. 145.—Plan showing the Whiting System of Winding from Deep Shafts of Metalliferous Mines, enabling the “ Skip ” 
to be stopped at any Level. The Bope is led back round the Pulley shown behind the Engine, and this Pulley is 
moved forward or backward, according to the Depth of the Level the “ Skip ” is to stop at. 
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or motor has only to overcome the friction of the roj**, and to mw 
the vertical load, plus the friction of tin; skip wheels when* the shaft 
is inclined. 

In many modern metalliferous inim-s, the shafts are arranged 
vertically to strike the lode at a certain {*«<int, ami from th»*re what 
are practically dip haulage engines run dmvn the incline Gnie-d hy 
the dip of the lode. These am In* worked very conveuk-ntly by 
electric motors, just us haulage engines in coal mine* are. 

There is one jsmit, however, that is to lm rememlmml in emi- 
nection with metalliferous mines; they are nearly always very 
heavily watered, so that the motors employed underground should 
he constructed to stand water. Apparently this ditfunUy has Lea 
overcome, since at the Knight's Deep Aline, which was flooded 
during the war for two years and a half, the motors which were 
placed at some of the levels for driving pumps, and whi* h were 
drowned and under a very heavy pretutiru of water during the whole 
jxtriod, when brought to the, surfnee and drie»l, were found to 1#* in 
practical working order. 


Coal Cutting by Electricity 

The coal-cutting machine is designed to prior in tie* office of 
"holing," or "kirving," as it is railed in tie* North, vi/. cutting 
away a sjmee under or over the coal, or between two itcnnis, when 
there is a parting, so that it may he dislodged from its bod l*elww»u 
tl«s overly tug and underlying strata. 

The Process of Holing or Kirving 

In " holing '* or " kirving " by lwind, the miner, lying on hi* side 
or in a crouching position, picks away a certain quantity of cither 
Urn lower j»rt of the seam, the dirt Iwfwewi two acama, or this dirt 
above a seam, according how the coal is to 1«» got out, and ho ha* to 
cut away sufficient coal, where ho is holing under the coal, to allow 
his own shoulders and hi* pick to go under, and to work, the result 
lasing tliat he cut* away a sWe, the auction of which is an irregular 
right-angled triangle, and ho make* in tho prtrrsa a grrnt deal of 
smalt coal, which hit* not such a largo value aa large, and which at 
the time when coal-cutting machine* mm first introduced, had only 
a fraction of its value. Holing by hand h nocee«arily mow or loss 
irregular, became different men working on the nine fact* work at 
different rate*. It may happen that one atall ia not worked, on a 
long face, and this will hold busk the whole of the face until the 
stall i* brought up again. This irregularity Mi to a certain 
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increase of the danger from the roof behind the coal face, because it 
is not possible to support it so carefully as when the face is straight. 
Broadly, there are two principal methods of getting the coal, known 
respectively as “ longwall,” and “ bord and pillar,” the latter method 
being also known sometimes as “ pillar and stall,” and as “ stoop and 
room.” There are other systems of working the coal, but the above 
are the principal, and they mark the main differences in the systems. 
In longwall there is a long wall or face, which may be 100 yards, or 
as much as 900 yards long, and there will be different faces in 
different districts of the mine, each face moving outwards as the coal 
is removed from the shaft towards the boundary of the royalty. In 
bord and pillar, and the other systems more or less, the coal faces are 
very small—from 8 feet to 20 feet. In the longwall system with 
hand holing, a number of men are working along the whole face, 
continually holing under, and continually removing the coal that is 
brought down, and other men are working behind them, propping 
the roof, and completing what are called gate roads, roads leading 
up to different points in the face at convenient distances apart, with 
the rubbish that is removed from different parts of the mine, pack 
walls being formed in the “ goaf,” as it is termed, to support the roof, 
which is allowed to settle down on them. In bord and pillar the 
whole of the seam is cut out in blocks, very much like the squares 
of a chess board, by roads crossing each other at right angles, and it 
is these roads in which the holing takes place while the mine is 
being opened out, the pillars that are left being afterwards removed, 
in what is called working back, when the roads have reached the 
boundary of the royalty. It will be seen that while longwall work¬ 
ing offers facilities for machine holing, bord and pillar do not so, nor 
do the other methods known as “ panel,” etc. Machine holing has 
been adopted almost entirely for longwall only, it being only recently 
that bord and pillar working is being done by machine, though in 
America a modification of bord and pillar, in which large “rooms ” 
are made from 18 feet to 20 feet, and in some cases to 60 feet wide, 
are also worked by some of the machines that will be explained. 


Longwall Coal-cutting Machines 

There are three forms of machines at present on the market for 
coal cutting by electricity in longwall working, known respectively 
as the disc, the bar, and the chain machines. The general construc¬ 
tion of all of them is very much the same. There is a rectangular 
frame formed by two lengths of girder steel, or by castings joined by 
cross pieces at the ends, and the frame is either supported on small 
wheels which run on the ordinary tram rails of the colliery, these 
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Innug laid along tin* fact* for tin* purpose nr mi skids, rimlm anc*^ 
vary similar to tin* runners of sleighs. Tin* dL*\ f lm liar, and the 
chain carry the nutting tools, which are intend*'*! in do tin' work 

ilia minor hitherto performed with Ids pick. Tin* dm** in a mitre! 
of from II feet to 7 foot in diameter, tii hom»*nnil!y. svmthme 
upon a vortical axis, and carrying at ifn penjmm y * IbG- 1 'dmprd 
nutting tools in various ways, tin* endeavour of nnonion 1 -cing to 
arrange that the tools shall ho eiimlv ami qnu \h jrpl.jr«'d when 
worn, a blunt tool taking a mrmiderahh larger runmit limit a rds.up 
tool. It in fthown in Hates 2lU ntid tfUis 11a* Ktr norm’- a Ifinmr 
numhor of very much smaller rtittem. shaped m-vih him ? mall 
pinks, in rows arranged around and along it,* mu fa* o. L r ’»hm*n 


F»a 1S# !< ti«»n f.fjomum lie- A* lea* * I a fm- t •*£ * 

ill I'iiitis Tin’ rhain run iu<i t bin* ] Shi}* d * nttm\«*r \ niiiii u 

to thorn* rnnicd by the diw, (n« *i in pj't*' nil J:n». • haiiMis;* {■•in r«l 
mi nmlli'H'i diniii, )i«*3il lietweeii ttt*» fi*»-d horiroi,t,d]y, Ut»- 

»’lwiii {winning round vertieiil roller*, iJ it fthown in l‘b*f«* .'Joj*, 
With nil three nim.liim-M tin* 1 ‘uUiiii.* U*»h eithi t <hij/ * r »rr»tj**, 
away tim Hay whieh »ifamily underlie* the . ( th>* »•<«! 

«« may 1 m arranged, or the dill Irtweeit two wim, «*t«*, the motion 
iii'i'A'.wnry for tin* cutting In-iiijj miwd by fin* revolution »,i the «|jtr, 
and the bar mi tlmir »*eH, and by tint chain running round it'! 
tullflw. Motion in iin)su1«tt to tin* dim anti Urn l«r, and tb«* chain, 
by oms or two ukelrie motors wirriud at one or Imth end/* of tlm 
ructangnlar frame, try means of «{*ur and lajvtd or worm gearing An 








DRIUNCi M.U’HINKS HY ELECTRICITY 


;P7 

i i1 a' * a *• and the ohain i»w njv«* horizontally on vortioal 
? lit* lar r»'volv*a \ *'vi i*mlU on t% hori/t total a.xhi, Thu (line, 

and ! cliiin, ;nd ?).<* lar ;yv ;irraii^*a| to nit in wank midor this 

nal t Im I he d< |*?li tPYM'iin fn allow tin r*ai tf # full, thin varying 

*J‘ ‘in *1 In' 1 ?o f] It 4*!, a*** ording to flm aam, and I ho othor inuihodH 

\Wh ail flaw mmdttiioi limn* U a laiiatl haulage drum 
i:i tin iron? »f tlm mudmim in tin* diruHiun in whirlt tin*, 

1 ; * Im )*•* m td*\ **nd a - mail jrilvanunl iron rop in nttarlmd to 

iiii’i drum, iU **tL# i end 5 nng ‘nonvd to u prop mnm\ <1 in tan on in 

lr*'ii<- Im* luiu! i din sn v t motion front tho iinmnd motion 

■ Ji sf^ m|‘ !In /<* \un\\ ami i*i t if#* of motion i * arraugml in he varied 
hv diJnovot *n t am i , dm * to fh* j rail* of tin* rutting of fin mah 
In all i n< t “he rop< h oradn illy wound up mi tin drum, and fin 
sun him- n pulled kddy jWa 4?''I, A i tin 4 , murldim umvtrf forward, 



tli«* dim and the rhain mure idnraid undo* th«» ro;4„ muting iho ooal 

• a rlirl away in front of tSinti tvi they tuovo, and oenupymg n lijinrn 
under tin r«|tial p* a large portion of their own mirfavm Thu 
lar alio nit! away tin* rual or fin dirt in ilin manhinn hi moved 

f«rw ird, hill if only n*i*itpp*4 a v* ry niiall 4t*aue, tin? t«ir luting 
only a few inrlir?! in diameter m now pared with fin* diur, and Ifni 

* Inin, whirl* w*mm mmral tVet Tin* diir ruiH at twin 211 revolt*- 

tioiiL to 70 ruvtintionn p?r wliilu tint liar ftiin from IfOlj 

irvolntioiri %u ftiln p # vnlntii#ii‘4 pr minnU*. Tim *lopth of ftin undnr 
r* P # ||iilal«^| l#y tin TuigtJi of llm liar, fJitt Irngth of fin* ohnin, nnd 
fli« fSi£iiiirl«r «if‘ !ho *lm\ wlnht lint width of i\m nit ti rrgiilulnl tiy 
f!ir $\m:n from tap l*i hoitoin %mmpmi hy tin* mtlU*tn t and h initally 

at/oni 4 inrfi**^ Vig'K 14d and J17 ahow tin? working of 4mu 

mw f him% 

Heading: Machines 

F»r I #ml sind jdlkr wmrkmg, for driving liradttign aiui m on* 

a notin'r form of rfntin mar him* in mnplnyM, un impmUitinn front 
AfiPttm, in m}«rii a dnin tdmilar to Imt with lint long wall hoador* 
and rarrying cntfoiH v#?ry similar to hnl with u v^ry mm h 
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longer chain, in fjinjiliiye.il. The chain in carried on a long rcemngnlar 

frame, mipporlctd iijmiii u atouter frame restim/ on wbeeb or rkitls, 
similar to nut larger than that of the bmgwall machines, and h jtr#** 
stinted with one of its ftiiiiill ends to the coal Ihe iiorliinc i:i shored 
up close to the face, the chain in set in motion around fin* frame, mid 
tho frame is forced outwards under or in the coal, and if nim u 
groove the utmal width, about 4 indies to whatey* r depth trader may 
ha arranged, and about 2 feel 8 indies along the fre, AfU*t one 
2 feat 8 indies lms Iren cut, the frame is nm lark, tin* jinrlmm 
is moved over to the right or left, as may be arranged, an* 4So r cut ? * 
made, connected with the first, thi: being followed by a third nit, 
and so on, till the width of the heading or the r* mn has Iren on 
across. In America the coal is go! by a name umi (f f mutts tH tret, 
20 feet, and sometimes ns mndi its tbi fret wide, with piJhir** of nal 
between ilia rooms, and it is initial to etit ipimjh nr room, nn*l fb*n 
move the machine to the next room while the coal L gig 4ie.ni in lb* 
first, and wo on. 


The Rotary Heading Machine 

There in om other form of rod muffing madrim michih a-- th* 
rotary heading machine, employed m opemm! mu rx*]]pn» #h* i» 
it is required to get the coal very quickly. It * mnhf^ *4 it bar 
pivoted nt the middle of its length, ami miming ni *mu b end urur 
with cutting lords. When the madam* is at work* the bar b jeede d 
up to the face of the cord* and i« rotated about t!« u n\x*\ the riitlmg 
took on the linns at its end cutting info the mil. md terming mi 
mmular groove, the width of tin* cutting tods mid with the diameter 
of tint rotating liar. When lie* rutting btokhrive nit m m Ur tm they 
will go, the l«r h run hack, the whole machine » linked to the rear, 
and the solid eylindriail core of p«#ii1 # left mmh the wiiniJur 
w hrought down by blutifig in fin? tiiiiiil way, the running l$m In 
pivoted on an nilu geared to the onuik shaft of » double tyhyidor 
eoifijiraawl mr engine, gearing being also provided to pmh the \mr 
bodily forward m tki rut jinwfdii # tfio whole fain# mounted tm n 
*ubfttantfol fatal plate, with uprights f hr carrying tip \wmn%n of the 
fttmnkitiiaft and of ttui jal«»roiating bar f the bed plate Mt*g m«uint#4 
on wheels or ftkida, m may be arranged, The luarSiine hm I mm 
adapted for diictrk driving by fixing an elect tie motor in p!**e of the 
douhla-cylinder mmprmmd air engine, and aiming the mhi of the 
motor to tlit rotating twits of tlifi tut?* by »|#nr gearing- 
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Motors employed with Coal-cutting Machines 

So far series-wound and three-phase motors only have been 
employed for driving coal-cutting machines. The plan adopted in 
the great majority of the machines is, the motor is fixed at one end of 
the rectangular frame, the gearing being in the centre, and the disc, 
bar, or chain gearing at the other end, the small haulage drum being 
in the neighbourhood of the motor. In the Diamond machine, and 
in the Brush-Kirkup, two motors are employed, fixed one at each end 
of the rectangular frame, the gearing being in the middle, and the 
disc working also at the middle of the frame. With the bar machine 
and the chain “ longwall ” machine, gearing is provided for moving 
the bar and the plates between which the chain moves from a 
position in line with the body of the machine to the position at 
right angles to the machine, that it has to occupy when cutting the 
coal, the gearing in this case being enclosed inside dust-proof cases. 
In the case of the bar machine also, a reciprocating motion is given 
to the bar, so that the cutting tools do not cut opposite the same 
place at each part of the revolution. In the Peake machine, which 
is an improvement of the early Goolden bar machine, the bar, which 
is square in section, is mounted directly on the end of the axle of the 
armature, the gearing being thus dispensed with. 

The motors provided for coal-cutting machines range from 
nominal 25 H.P. up to 35 H.P.; they take from 16 H.P., under the 
most favourable circumstances, up to as much as 50 H.P., this latter 
being only for a short time. Where two motors are employed, the 
power is, of course, divided between the two, and they are connected 
in series. 

Delivering the Current to Coal-cutting Machines 

As explained in an earlier part of the book, the supply cables are 
brought to switchboxes at the ends of the gate roads, and from these 
switchboxes flexible cables are taken to the motors. It is an 
important point in connecting the cables to the motors, that the 
connection to the motor should be made first, and that to the switch- 
box last. Connection in both cases should be by a simple strong 
form of plug, arranged to push into a socket, and the switchbox 
should be so constructed that it is not possible to pull out the plug 
unless the switch is open. If the plug is pulled out with the switch 
closed, sparks will pass, and in case of gas being present the conse¬ 
quences may be serious. 

With continuous-current motors it is necessary, as in other cases, 
to provide a starting resistance and starting switch. The starting 
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resistance is made in various forms, the wire of which it is formed 
being covered with asbestos and protected in various ways, and the 
whole thing should he arranged that any sparking which takes place 
should be inside an enclosure, from which gas is excluded. The 
commutator of the motor should also either be totally enclosed or 
inside a gauze enclosure, and the attendants should be warned to 
keep the gauze free from coal dust, and not to open the case of the 
motor unless the current is switched off. With three-phase motors it 
is usual to employ the squirrel-cage type, as this avoids the necessity 
of any starting resistance, but there is a difficulty with this type in 
making the machine cut its way into the coal. The difficulty, however, 
is not a very serious one, as the machine often has a run along the 
face of several hundred yards, and it is only required to make a place 
for it at starting. There is also the difficulty with the disc machine 
when run by a three-phase motor, if the coal settles down upon the 
disc, in obtaining power to free it. Mr. Roslyn Holiday, who has 
done a good deal in this matter, states that he is able to get over both 
difficulties by switching the current on and off several times, a certain 
torque being obtained each time the current is switched on, and the 
coal being gradually cut into, or the disc being gradually freed. The 
three-phase motor has the advantage that the switch, which of course 
must be triple-pole, can be completely enclosed in a gas-tight 
chamber, the rods working it passing through gas-tight glands. 


Drilling by Electricity 

Drilling is carried on very extensively in all mining work, for 
the purpose of providing holes in which charges of powder, or 
dynamite or other explosives are placed, to bring the mineral down. 
In coal mining, in the great majority of cases, after a space has been 
provided for the coal to fall by undercutting, as explained in con¬ 
nection with coal-cutting machines, some force is necessary to break 
the coal away from the strata overlying it, or, where the cut has been 
made above, to separate it from the underlying strata, and this force is 
provided by blasting. Attempts have been made from time to time to 
do away with blasting. Mr. W. E. Garforth, at Messrs. Pearson & 
Knowles's collieries at Normanton, has succeeded in doing away with 
blasting, by undercutting just to the level of the cleat of the coal. 

The coal seam in this case being thick (4 feet 6 inches), an undercut 
of 6 feet provides sufficient weight to break the coal away at the cleat, 
without any other force. Lime cartridges and hydraulic cartridges 
have also been introduced, the operation in each case being the 
expansion of the cartridge in the hole provided for it, the force exerted 
by the expanding material breaking the coal down. But both of 



DRIVING MACHINES BY ELECTRICITY 331 

them require that holes shall be drilled, and in the great majority of 
coal mines and in all metalliferous mines blasting is still in use. 
The hole drilled is several feet in length, and from 1 \ to 2 inches in 
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in guides as usual, and the compression of the air being accom¬ 
plished by an electric motor attached to the back of the drill. 
The construction of the drill is shown in Figs. 153 and 154. The 
compressed air in this drill takes the place of the springs in 
the other forms described. In the Marvin electric percussion 
drill, made by the Sandicroft Foundry Co., another principle is 
introduced. Motion is communicated to the drill by means of 



Fig 151. —Motor Case for Continuous-current Motor to be used with 
Siemens* Electric Drills. 

a solid steel plunger, round which two coils of wire are fixed, 
electric currents passing through the coils. The plunger is pulled 
back by the current passing in one coil, and in receding it com¬ 
presses a strong spiral spring in the rear. It is forced forward 
by the current in the other coil, aided by the force of the ex¬ 
panding spiral spring. This arrangement is a modification of an 



Fig. 152.—Three-phase Motor Case to be used with Siemens* Electric Drills. 

earlier form of the same drill, in which alternating currents were 
employed, and in which it was found that the plunger heated 
very considerably. In the Marvin Sandicroft drill a pulsating 
current is employed, furnished by a special generator. The gene¬ 
rator is a continuous-current machine, separately excited from 
the lighting service or any convenient supply, and arranged, by 
means of a special commutator, in place of the usual segmental 
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are insulated with mica only. There is the usual rifle arrangement 
for rotating the drill. The Sandicroft Marvin electric percussion 
drill is shown in Fig. 155. 

With percussion drills the depth of hole required is obtained 
by successive lengths of drill. A short drill is first inserted, and 
allowed to drill to its full extent. It is then withdrawn, and a 
longer drill inserted, and so on. 


Coal Cutting by means of Drilling Machines 

There is a field for the electric percussion drill as an aid to coal¬ 
cutting machines. As explained, in connection with coal cutting, 
in bord and pillar and other work, it is difficult to economically 
employ either the bar, the disc, or the chain machine, except under 
the conditions ruling in America, where the chain heading machine 
is employed in large “rooms.” In addition, in narrow work, as 
mining men term it, where narrow roads or headings are being cut, 
holing under the coal is not sufficient to bring it down unless a 
considerable amount of blasting is employed, and it is the practice 
to “ nick ” the coal, as it is termed, on one side, and sometimes on 
both, the “ nick ” being a vertical cut sufficient to free the coal on 
that side. The chain heading machine, described on page 327, has 
been adapted in America also as a “ nicking ” machine, a band saw 
being fixed on the side of the machine, worked by the electric motor 
and arranged to cut a vertical “nick,” as described. But this 
arrangement is not suitable for narrow work, and it absorbs a good 
deal of time in fitting up the “ nicking ” tool, while the tool itself 
is something more to be carried about. During recent years, the 
compressed air percussion drill has been adapted for the work under 
the name of the “ Champion.” In this apparatus a percussion drill 
is carried by means of a universal joint upon a vertical telescopic 
support, arranged to be fixed quickly in any coal face, heading, etc., 
and the drill is employed, instead of drilling a hole, to sweep out an 
arc, the radius of which is the distance between the front end of the 
drill and the universal joint, the drill swivelling horizontally or 
vertically, or at any angle round the pivot. For undercutting, a 
succession of arcs are swept out, one above the other, and the cut 
is made deeper by using longer and longer drills, until the coal is, 
sufficiently undercut for the purpose. Nicking is carried out by 
arranging the drill to sweep a vertical arc, and by lengthening the 
drill till the cut is sufficiently deep. There is no reason why 
electric percussion drills should not be employed in the same 
manner, and they should be more convenient and more economical 
than the compressed air drill. It will be observed that the above 
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Electrically Driven Fans 

The fan lia» now j>rac,tically Uk»*n flic jib*-** »:f lie* fnniar-.* in 

nil coal miiica, ami, wlnw vent slinion it an^mjo^l. h m*««l in nil 
xmtUillifbrnu* tniuon. The fan cmj4ove»i in v,*iw‘ in form, 

but oMMMtifilly it »»f a nnm\»*t of bill*’ < ao •'mbb 1 *! rmimf 

ti altiiff* am! when the bhnle# mv whirled rutin*!, fli** air ciiforn the 
centre of the fan niitl m »*tj^!b*<i #tt the mult of the bln let I life 

110 a mIiowi* a Ilccnan fan with* ait lit earn*; linn* rem 4 f*m m if * 
drivmi hy mi cloctric motor; amt Hate Ik U ■ 4 fan. hon»n\ away iroiii 
the |iowi?r station, with a fun fliMrio-iUy 4?m*n by Xhiw-^huH* 


Description of Different Forms of Fans 

Thant are two principal forms of fan*. one of which only Las been 
employed «i# to the present for mining work, The author known 
thorn as Ihu screw-blade fan, and the reDtrifugiil fait. Th»* screw- 
blade fan has not hitherto been employed in minim, hut there appear* 
to ho no reason why it slionld not be employed in curtain dumm 
where only a small pressure is nwjtiired, a*. any, to divert an air 
current through certain portion* of the working*. The screw-blade 
fan, or propeller fan, a* it is sometime* call'd, merely a-ft in air, 
n» the arrow of a ship dot* in water, or an ordinary screw does in 
wood or metal. When a !«idy of metal having the formation 

i» rotated, one of three thing* may Impjien; it may go forward itself, 
at when the acrew move* into wood or metal; it may move the object 
to which it is attached through the medium in which it hi screwing, 
an when a ship is moved through the water hy the rotation of it* 
screw; or, if tiro iwrew is stationary, ami the object to which it is 
attached is stationary, it roust move thn medium in which it is 
rotating; and this ta what the jprojadlcr fan dww. If fixed in 
a window or a door, or a partition between te*di»« of air, when 
rotated it transports the air from tiro one side ».f the partition to 
the other, It does not create any appreciable diJTorenno of pressure, 
and therefore is of no service for driving a powerful current of sir 
through a ooa! mine; but in many of tiro workings of metalliferous 
minea, whim ventilation is often so difficult, and in eases mm in 





















DRIVING MACHINES BY ELECTRICITY 


337 


coal mines where it is sometimes inconvenient to lead the air current 
through a duct, the propeller fan, if placed in a suitable position, 
could either force air into the district or the room to be ventilated, 
or could withdraw the foul air, the pressure it creates being quite 
sufficient for a great many of these purposes. The propeller fan 
has a large vogue in ventilating buildings, offices, etc., though its 
application in many instances is exceedingly crude, it being supposed 
that for ventilation all that is necessary is to stir up the air in the 
middle of a room, for instance. The propeller fan is so particularly 
useful for many cases where intelligently applied, because it is so 
easily adapted for driving by small electric motors. It is wise, 
however, when purchasing fans driven by electric motors, to discount 
very largely the statements sometimes made in makers’ catalogues— 
that they will deliver so many cubic feet of air per minute. The 
statement is quite correct, providing that the air is quite untrammelled, 
as when the fan is placed in the middle of a large open space, or a 
large room; but where ventilation is required, there is a resistance 
always set up to the passage of the air, as will be explained, and 
then the quantity of air moved by the propeller fan is very con¬ 
siderably reduced. 

The other form, which has been so largely used in mines, 
is the centrifugal fan. This consists of a number of blades assem¬ 
bled round a central space very much after the manner of the 
centrifugal pump, the blades being enclosed between discs, and the 
peripheries of the discs sometimes being open to the atmosphere, 
and sometimes enclosed, so as to deliver the air to some form of 
funnel. As with the centrifugal pump, when the blades of the fan 
are rotated, difference of pressure is created between the atmosphere 
at the periphery of the fan and the centre, the air thence passing into 
the centre of the fan and being whirled outwards to the periphery, 
thence to the atmosphere directly, or through the funnel, etc. In 
the early forms of fan, the blades were simply radial, but it was 
found that a good deal of power was lost by the eddy currents set 
up between the blades, and so, as with the centrifugal pump, later 
forms have blades curved in the direction of rotation, and the air is 
guided more or less in its passage to the outer atmosphere. There 
is one peculiar feature also about all fans, and that is, that in the 
centre of the fan there is a current of air in the opposite direction 
to that at the periphery, this being the equivalent of the back 
pressures electrical engineers are accustomed to deal with in their 
apparatus, but meaning the expenditure of more power in order 
to deliver the same quantity of air. In the Capel fan, the air is 
guided on something the same lines as the water in the modem 
high lift centrifugal pump, with the result that it is claimed that 
the velocity of the air is completely got rid of, and is reduced 
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to an inappreciable amount before it issues into the atmosphere, 
an evase chimney in which the orifice is gradually expended 
helping this effect. 


The Sirocco Fan 

In the “ Sirocco ” fan, made by Messrs. Davidson of Belfast, a 
new line has been struck. The appearance of the fan is very much 
like that of some of the old water wheels, with a number of shallow 
buckets surrounding the wheel. In place of a small number of long 
blades, the Sirocco has a large number of very short blades, curved 
towards their outer ends in the direction of the motion of rotation, 
and the blades are made very much, longer axially than with the 
other forms of fan. The short blades are fixed between two annular 
discs, the inner discs being connected mechanically with the driving 
arrangement, and the internal space, where the air space enters, being 
many times larger than in the other types of fan. The air also is 
not confined in any way on its egress, the outlet being also very large. 
Messrs. Davidson claim to be able to handle a very much larger 
quantity of air with a given size and weight of Sirocco fan than 
is possible with other forms. 

In all cases the fan is a machine for creating air pressure, or for 
transporting air from one point to another. In the case of the 
propeller fan, as explained, the air is merely transported from one 
side of a partition to another, and very small difference of pressure 
created. With centrifugal fans, however, comparatively high pressures 
for air are created, as much as 8 inches of water gauge being created 
by some of the Capel fans. Air pressure is so small that it is measured 
in inches of water gauge—that is, the pressure equal to the weight 
of one or more cubic inches of water. The inch water gauge equals a 
pressure of 0*55 oz. per square inch, so that a pressure of 6 inches, 
which is considered very high, is only about 3 J oz. per square inch. 
This pressure, however, is quite sufficient to overcome the resistance 
of every coal mine, and in the majority of cases in British coal mines, 
very much lower pressures, in the neighbourhood of 2 inches water* 
gauge, are found sufficient. British mining engineers prefer to work 
with low pressures, because they say that as their coals are many of 
them constantly giving off gas, it is better for the gas to come away 
freely, and to be carried by the ventilating current into the outer 
atmosphere, than for it to be compressed within the coal and held 
there by a powerful air pressure, only to come out with considerable 
force should the air pressure at any moment be lowered by accident 
to the ventilating apparatus. 

It is usual in coal mines to place the fan at the top of the upcast 
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shaft, the shaft being closed in, and what is called a fan drift being 
led from it directly to the centre of the fan, the periphery of the 
fan being opened either directly or indirectly to the atmosphere. 
The motion of the fan creates a lowered pressure at its entrance— 
that is to say, a difference of pressure between the atmosphere at 
the top of the downcast shaft and the air entering the fan. This 
difference of pressure is similar in every respect to the difference of 
pressure, which causes a transference of electricity through a con¬ 
ductor. In fact, the ventilation of a coal mine is similar in almost 
every respect to the distribution of electricity on the two-wire system. 
There are two main roads in the mine, leading from the downcast and 
the upcast shaft respectively, and these are connected by other roads 
leading to the faces, to the stables, etc., in such a manner that the air 
passes from the intake road, the one leading from the downcast, across 
the face, or the portion of the mine to be ventilated, to the return 
airway, that leading to the upcast. The fan is required to create a 
sufficient difference of pressure to force a sufficient quantity of air 
through the main roads and the workings to comply with the Coal 
Mines Regulation Act. The air in its passage through the roadways, 
etc., rubs on the sides, and creates friction, the friction being directly 
in proportion to the extent of the surface—that is to say, to the 
lengths of the roads, and to the size of the roads. A certain power is 
required to move the air through the roads, the power being directly 
in proportion to the square of the velocity, and to the friction, etc. A 
certain power is also required to create the difference of pressure 
between the two sides of the fan. The whole thing resolves itself 
into a certain power being required to drive the fan, and this may be 
supplied by an electric motor, which is preferably of the shunt-wound 
continuous-current form. Three-phase motors are employed in 
driving fans, but a difficulty has arisen in connection with their 
employment. The fan is often required to vary its speed, not for a 
few minutes, but for days together, owing sometimes to changes in the 
barometric pressure of the atmosphere, and sometimes to the fact 
that the pressure is lowered at week ends, when there is no one in 
the pit. The variation in speed is not great. Eans run at from 40 
revolutions per minute up to 300 revolutions, and a variation of 1 or 
2 revolutions of a fan running at 40, and the equivalent on the higher 
speed fans, is all that is required. This is easily obtained with a 
shunt-wound continuous-current motor, with very little waste, by 
varying the strength of the field current, but it is not so easily 
obtained without waste with a three-phase motor, because a resistance 
must be put in the rotor circuit of sufficient size to accommodate 
the whole of the rotor current, and the heat generated in that 
resistance is wasted. 

Electricity cannot compete with steam for driving fans where the 
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boiler is close to the fan engine, since the fan engine itself is an 
absolutely constant load, subject to the variations mentioned above, 
and therefore any economies that can he effected in an engine driving 
the generator at an electric power station, can be applied directly to 
the engine driving the fan itself. There are, however, many cases 
where a fan is placed at a distance from the boilers. It may be 
required to ventilate a pit where there is no steam, and an electrically 
driven fan then comes in most conveniently. Also, it often happens 
that parts of the workings are difficult to arrange for ventilation, and 
in those cases it should be very convenient indeed to place a fan in 
such a position that it can be driven by an electric motor without 
danger, and can cither force or suck air through the district to be 
ventilated. The electrical fan, in fact, should be as useful to mine 
ventilation in coal mines, and very much more so in metalliferous 
mines, as the booster is to the electric power distribution. 


Power required for Driving Fans 

As explained, the power required by a fan is expended in creating 
the necessary pressure between two surfaces, as the top of the down¬ 
cast and the top of the upcast pits of a coal mine; between the ends 
of a road leading to a portion of the workings, and so on; and its 
necessity arises from the fact that air, like water, when it is driven 
through any pipe or duct, or the roads of a mine, rubs upon the sides, 
roof, floor, etc., and in rubbing creates friction, which absorbs power 
to overcome it. The power required is measured by the product of 
the quantity of air passing per minute, multiplied by the pressure 
between the two sides of the fan, the pressure being expressed in 
the weight of air forming the “ motive column,” equivalent to the 
water gauge. To obtain the power, dividing by 33,000, as in other 
cases, gives the actual horse-power expended in the air. 

This is the power that must be delivered to the air. But in all 
coal mines, and in some other mines, the upcast shaft has a certain 
ventilating value. The air from the workings is usually at a higher 
temperature than that which enters the downcast shaft; in addition, 
it is largely charged with moisture, and the two combined make a 
column of air in the upcast of smaller weight than that in the 
downcast, the difference between the weight of the two, which in 
deep mines may he considerable, being called the “ motive column.” 
In the early days of mining, and in some metalliferous mines at the 
present day, the motive column is the only source of a ventilating 
current, and it drives the current of air through the workings, and up 
the upcast pit With furnace ventilation, the motive column was 
created by heating the air at the bottom of the upcast pit, and 
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creating a column of aix at higher temperature than that in the 
downcast. The volume of the motive column is found from the 
following table:— 


i" 

2' 

i" 

2 " 


water gauge represents a motive column of 

» 9 ) 9 ) )9 

>» 9 ) >) )9 


32*2 feet 
64-4 „ 
128-8 „ 


and so on. 

The power required to be delivered to the air by the fan will he 
the amount of power required to be delivered to the air less that 
furnished by the motive column, where one exists, and the power 
that must be delivered to the fan blades is this net power equated 
with the efficiency of the fan, which may be taken at from 44 per 
cent to 67 per cent., so that the power to he delivered to the fan 
pulley is the net power multiplied by say, taking 50 per cent, as 
an average efficiency. 

The power required by the motor driving any fan is again the 
power required to he delivered to the pulley of the fan, equated with 
the efficiency of the motor. If we take the efficiency of the motor as 
90 per cent., and that of the fan as 50 per cent., the net power 
required at the fan blades must be multiplied by ^ s ° for the power 
required at the terminals of the fan motor. 


Driving: Air Compressors 

Compressed air was in the field, for the transmission of power in 
mines, a long time before any one ventured to hope that electricity 
would take its present position. Thirty years ago, and before, com¬ 
pressed air was waging a fight with steam, which had been the 
method previously adopted for delivering power in the mine. Steam 
is objectionable, because of the losses by condensation in the steam 
pipes, and because of the dampness which it sets up in the mine 
workings, which leads to other troubles. Compressed air was a 
great improvement on this, but compressed air is very wasteful, as 
already explained. The apparatus employed with compressed air 
consist of the air compressor, driven by a steam engine, or by water 
power, or by gas power, the pipe line connecting the compressor 
with the apparatus that is to use the compressed air, and the 
engines which use it. There are three sources of loss, apart from the 
friction of the driving engine. In the first place, when aix is com¬ 
pressed, the act of compression heats the air, and this heat is always 
dissipated, under all mining conditions, before the air is used as a 
motive power, and consequently the energy expended in heating the 
air is lost. Further, when the air is heated in compression it 





342 


ELECTRICITY IN MINING 


expands, and a smaller quantity of air is compressed at each stroke of 
the compressor, so that more work has to be done by the compressor 
to furnish any given quantity of air at a given pressure at the face. 
The air compressor consists of one or two cylinders, similar to steam 
cylinders, in which pistons, similar to steam pistons, work to and 
fro, drawing in air on one stroke, compressing it, and delivering it to 
the pipe line, or the receiver, on the return stroke. In modern air 
compressors it is found economical to deprive the air of the heat 
liberated in it by compression, as far as possible, as it is created. And 
this has led to the compressor being divided into two and sometimes 
more cylinders. The air is compressed to a certain pressure in one 
cylinder, and is forced from there into a receiver, where it is cooled; 
it then passes into a second compressor, where the compression is 
completed, and it is again cooled, and is then delivered to a receiver, 
usually consisting of a boiler without flues, from which the pipe line 
leading to the face takes its supply. In some forms of compressor, 
the cylinders are surrounded by water, a portion of which is open to 
the atmosphere, the evaporation from the exposed surface of the water 
tending to cool the cylinder. In other forms the cylinders are fitted 
with water jackets, similar to gas engines, and cooling water is kept 
circulating through them. The second source of loss is in the pipe 
line, and it is made up of two portions, the loss of pressure due to the 
friction of the air passing through the pipes, and the loss of air itself, 
as explained in a previous part of this chapter, owing to leakage at 
the joints of the pipes. The loss of pressure due to friction is usually 
very small, unless the plant is very badly designed; but the loss due 
to leakage is usually very great indeed. 

The third source of loss is in the conversion of the energy stored in 
the compressed air into mechanical energy in the motor. It is usual 
to employ ordinary engines made for steam to use the compressed air, 
and here two sources of loss arise. One that for some time created 
a great deal of trouble, but which has lately been, the author believes, 
practically overcome, was the freezing of the moisture contained in 
the air, in the exhaust ports of the motor cylinder. It is usual to 
take the air for the compressor on the surface from the surrounding 
atmosphere, which is always more or less charged with moisture, with 
the result that the quantity of useful air is less than it would be if 
moisture were not present, by the cubical content of the moisture. 
This moisture, if it is allowed to pass on into the pipe line, and from 
the pipe line to the motor engine, passes from the state of vapour to 
the liquid state, and freezes in the exhaust ports, partially or wholly 
closing them up, and in any case creating considerable back pressure, 
lowering the efficiency of the engine, and decreasing the amount of 
work it is able to do. The compressed air operates in the motor 
engine by expanding, just as steam does in steam cylinders, and as 
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the air in the cylinder of a gas engine does on explosion. But in 
order that the air shall he enabled to expand, it must absorb heat, 
and it takes this from surrounding objects; the walls of the cylinder, 
etc., and its own temperature being also considerably reduced, it can 
no longer support the moisture it has carried as vapour, the moisture 
being thereby deposited, and heat being also extracted from it, as well 
as from the cylinder, etc., the moisture is converted into snow and 
ice. This difficulty, the author believes, has been overcome in modern 
plant by allowing the moisture to drain from the pipes before the 
air arrives at the motor engine. It will be understood that when the 
air first issues from the compressor, even when it has been subject to 
the cooling before mentioned, it is still at a higher temperature than 
that of the surrounding atmosphere, and is able to carry a compara¬ 
tively large quantity of moisture in suspension. The receiver, how¬ 
ever, which is employed with most compressed air plants, and which 
is usually placed in the open, with a large surface exposed to the 
atmosphere, cools the air very considerably, and a large proportion 
of the moisture carried by the air is condensed, falls to the bottom 
of the receiver, and is drawn off in the usual way. As the air passes 
through the pipe line, further cooling takes place, though probably 
in some of the deep mines warming may take place, and there is 
usually a second receiver near the face, where any moisture is allowed 
to drain out of the air, and is drawn off. In the author's opinion, it 
would be far better, and more economical, so far as this part of the 
subject is concerned, to handle the air on its way to the compressor 
by a cooling apparatus, such as those employed in connection with 
the cooling and drying of blast furnace air. This would get rid of 
the moisture trouble, and it would also raise the efficiency of com¬ 
pression by enabling a larger quantity of useful air to be taken in at 
each suction stroke of the compressor. The other portion of the loss 
at the motor engine is the inability, up to the present, so far as the 
author has been able to ascertain, to use the air in the motor cylinder 
expansively. In the steam engine, it will be remembered, the steam 
is allowed to enter at boiler pressure for only a short portion of the 
stroke, the remainder of the stroke being performed by the expansion 
of the steam itself, and the efficiency of the arrangement being thereby 
considerably increased. The two portions of work done by steam in 
a steam engine may be compared, the first portion to a push by the 
steam straight from the boiler to the piston, and the second to the 
expansion of a compressed spring. In the air motor engine only 
the first portion has been so far utilized. The air enters the motor 
cylinder from the receiver or the pipe line, and simply pushes the 
piston to the end. The losses in compression and the losses in the 
motor cylinder cannot be avoided by the use of electricity, except, 
perhaps, the latter indirectly; but the losses in the pipe line may be 
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air pipes must be doubled, but as they need not be large, the author 
believes this would not be serious; and another difficulty is, the 
neighbourhood of the face of the coal is not a convenient spot to 
employ cooling apparatus. Still, with a little care and skill in 
working, it might be done, and in that case the trouble with moisture 
should be completely got rid of, and the whole efficiency of the plant 
considerably increased. There is also another point that is worth 
considering, and that is the employment, in certain cases and under 
certain conditions, of an electric current taken from the power 
service to heat the air before it enters the motor cylinder. As in all 
these cases, the question whether such a course would be economical 
or not can only be determined by a balance sheet. A certain definite 
number of heat units may be delivered, say, to a pipe or a receiver, 
through which the air is passing, and a certain definite proportion of 
that heat will pass into the air, increasing its cubical content, and 
therefore increasing the work that it will perform in the motor engine. 
This current will cost a certain amount to produce in the generating 
station. It will save a certain amount of current in the motor 
driving the air compressor. If the saving is sufficient, or if convenience 
comes in, and increases its value, as often happens, it may be worth 
applying, but the engineer in each case must put down the cost on 
both sides and compare them. In the very early days of electric 
lighting, the author put down a small electric-lighting plant in a 
colliery nearly half a mile deep, where compressed air was the only 
means of driving, and to get over the trouble of the moisture freezing 
in the ports of the driving engine, he heated the air passing into the 
engine cylinder by means of the current that supplied the lights. The 
method was successful, but he is not prepared to say that it was 
economical. 


Power required for Driving Air Compressors 
Underground 

The power required to drive the air compressor underground is 
found by taking the power required to compress air at the tempera¬ 
ture of the atmosphere in the neighbourhood of the compressor, and 
with the moisture that is usually present there, from the atmospheric 
pressure there, up to 60 lbs. or 80 lbs. per square inch, whatever may 
be the pressure employed. It will be understood that each cubic 
foot of air requires the expenditure of a certain quantity of energy 
to compress it from the atmospheric pressure to 60 lbs. or 80 lbs., as 
the case may be, and where the air is at a higher temperature than 
the average, taking the average in this country as 60° F.—in 
America it is taken at 70° F., and in tropical countries it would of 
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course be higher—more energy is required to be expended than 
when it is at the average temperature, and with the average quantity 
of moisture. Taking the average temperature where the air com¬ 
pressor would be fixed in a colliery at 80° E., each cubic foot of air 
would require from 0*5 to 0*7 H.P. to compress and deliver it at 6Qlbs., 
and from 0*76 to 1*0 H.P. to compress and deliver it at 80 lbs. So 
that it is a simple calculation to find what horse-power is required to 
compress a certain number of cubic feet per minute, to a given pressure. 
This horse-power is to be delivered to the piston or pistons of the air 
compressor, plus the power required to overcome the friction of the 
compressor itself, and the power required to be delivered at the 
terminals of the electric motor driving the compressor will be found 
by equating the efficiency of the compressor with the efficiency of 
the electric motor, as explained in previous cases. 


Electric Locomotives 

The electric locomotive has not been, up to the present, employed 
in mines in the United Kingdom, but it is largely employed both 
underground and on the surface in America and on the Continent, and 
in gold mines in New Zealand, and the author believes would do good 
service in certain cases in this country. The mining electric locomo¬ 
tive is a small copy of the railway electric loco. It consists of a 
carriage, of the form shown in Plates 25b and 26b, mounted on four 
wheels arranged to run on the mine waggon tram rails, and carrying a 
motor, usually of from 9 H.P. upwards, geared to one axle of the wheels. 
The carriage carries a seat for the driver behind, a head light in front, 
a short trolley pole, which is again very similar to those used on tram 
lines and railways, but smaller, and a controller of a similar type to 
those employed on railways, with the usual brake, both at the driver's 
hand. The loco takes its current from an overhead copper wire, 
suspended over the middle of the track, the return current being by 
means of the rails, the current passing from the motor to the wheels 
and thence to the rails. The pressure usually employed with mine 
locos is 500 volts, but it will be, of course, that of the service. 
There is another form of electric locomotive employed in Germany, 
of which one was exhibited at the Glasgow Exhibition, in which a 
battery of accumulators is employed, instead of the trolley pole and 
trolley wire. This is, of course, a much safer arrangement, but it is 
doubtful if it is so economical, for the reasons that have been 
explained in connection with accumulators. 

The trolley employed in America with mine locomotives is nearly 
always the wheel with which every one is familiar as employed on 
electric tram lines. In Germany, however, two modifications are 
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employed. In one there is a roller about two inches in diameter, of 
aluminium, the roller extending nearly the whole width of the track, 
and being supported by uprights from the top of the locomotive. 
This has the advantage that it is not easy for the trolley to get off 
the trolley wire, and any wear due to sparking is distributed over a 
very much larger surface, while it should also be much more easy for 
the loco to go round a curve, than with the wheel trolley. The other 
arrangement, which is coming into use very much in Germany on 
electric railways, is the bow trolley. It consists of a rectangular bow 
of stout wire, held in the position usually occupied by the trolley 
pole and wheel, and it rubs against the underside of the trolley wire. 
It has the advantage that it is not necessary when reversing to turn 
the trolley pole round; the bow trolley reverses itself when the 
locomotive has run a certain distance back. 

Eor surface work in mines in the United Kingdom and elsewhere, 
the author's view is that electric locos would be of great service, and 
there should be no difficulty whatever in arranging overhead trolley 
wires. The locomotives can be small, for hauling mine waggons, or 
they can be large enough to handle railway waggons. For under¬ 
ground work, however, it is very doubtful whether, except on the 
main intake roads, it would be wise to employ the electric locomotive. 
Its use necessitates a bare conductor overhead, the pressure of the 
service being present at every point of the conductor, and there 
being the consequent danger of workmen and others getting shocks 
from it. In some mines in America, the difficulty has been over¬ 
come by enclosing the trolley wire inside an inverted wooden trough. 
This should protect miners from shock, as long as the trough is perfect, 
but the author would be afraid that the trough itself, becoming wet, 
would set up considerable leakage on the trolley wire. 


The Electric Driving of other Machinery about 

the Mine 

In the foregoing pages the author has described the principal 
machines to which electrical driving has been applied, mainly because 
of the efficiency of the electrical method of transmitting power to a 
distance, but when once electrical power is on the ground, it may be 
employed, and usually economically, for driving any and every 
machine about the place. About the surface of every mine, coal or 
metalliferous, there are nearly always isolated engines taking steam 
from the boilers through pipes that are laid in the ground, or some¬ 
times carried overhead, and there are always considerable losses from 
condensation of steam in these pipe lines, and in addition, when the 
engine is to be started, the condensed water must be got rid of, the 
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engine must bis very carefully started, or if will knock itself to pieces, 
and this means time. With an electrical power service, cables may 
bo led overhead, or in the ground, to the. neighbourhood of every 
machine that is to be driven, a motor may be fixed to take the place 
of the engine that was previously driving, in any convenient manner, 
either by bolt, worm or spur gearing, or by direct connection, and the 
motor will uses nothing, so long as the cables, switches, etc., are kept 
in order, except when it is doing useful work, and it will always he 
ready to start quickly, say in a few seconds. This applies to coal- 
washing machines, which may ho, and are, driven by electric motors, 
fitting-shop shafting, cranes, surface haulage, creepers, pumps for 
boiler feed at a distance from the mine, stamps for metalliferous 
mines, or breakers, sizers, etc. The most convenient forms of motors 
employed, if the service is continuous current, will usually be the 
shunt-wound motor, with a series coil for starting, if the machine is 
to start against a heavy load. Three-phase motors will also ks 
suitable, and can be of the squirrel-cage typo for small work, or 
where the machine can drive on to a fast and loose pulley; wound 
rotors being employed for heavier work, where the motor has to start 
against a load. Electric motors are arranged with spur-reducing 
gear attached, ready for fixing, to drive any machine that may bo 
required. There may also be apparatus underground, besides those 
mentioned, that could be conveniently driven by electric motors. 
Plates 3k! and 31n show Blackett’s coal conveyer, for taking the 
coal from the face, in the seams, and delivering it to mine waggons 
at the gate-end road. It is shown driven by an electric motor. 

For each motor there should bo a small switchboard, preferably 
of enamelled slate, fixed to steel supports, carrying the starting 
switch and resistance, the no-load and overload circuit breakers, 
and an emergency switch, the whole being enclosed in a lock-up 
cupboard. 

Estimating the Power given out by Steam or 
Compressed-air Engines that are to be dis¬ 
placed by Electric Motors 

It has been explained that it is wise when estimating the power 
required in any electric motor to drive any given machinery, to take 
the power given out by the steam or compressed-air engine tike 
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be got at to indicate, and very frequently it must not be stopped for 
a sufficient time to allow of the measurements being taken. Further, 
in a very great many cases the engines employed for this work do 
not work expansively, at least not beyond the ordinary expansion 
provided by the arrangement of the valves, as the engine leaves the 
makers. In the great majority of cases, economy of steam is not 
sought for, where driving of machines is concerned, unless the engine 
is driving a number of machines through shafting, and it is con¬ 
venient to make the necessary arrangements for working it expan¬ 
sively. What is usually wanted is that the machine shall keep on 
working during the full working day, and for that purpose the engine 
is required to have plenty of power, and further, it is often not 
convenient for it to be of the larger size necessary, if it is to work 
expansively. Hence, engines for this purpose are frequently sent out 
with their valves arranged to cut off at half, or three-quarter stroke, 
or even not to cut off at all, and the work is done more or less by a 
push from the steam, coming direct from the boiler. After all, the 
losses by condensation are far more than any losses due to any 
working expansively in small engines of this kind. For the purpose 
of estimating the power that an electric motor to take the place 
of one of these engines should furnish, it is a pretty safe rule to take 
the size of the cylinder, the length of the stroke, and the pressure 
of the steam at the stop valve, applying the usual engine formula. 
If this rule dictates an electric motor larger than could possibly 
have done the work, it will be a good fault. The tendency when 
fitting electric motors up is too often in the opposite direction, and 
this leads too often to breakdowns that might have been avoided, 
if a little more power had been given. 





CHAPTER VII 

FAULTS IN ELECTRICAL APPARATUS 

Cauhkk of failure in electrical apparatus an; known os “ faults.” A 
signal bell does not ring, a telephone does not speak, a lamp does not 
burn, a motor does not run, or any one of these fails in a minor 
degree. The cause is what is known as a “ fault." All faults in 
electrical mining apparatus are due to one of two causes, frequently 
to both. 

1. The iuleri>OHitiou of resistance in the conductive path. 

2. The lowering of the insulation resistance of some part of the 
apjmratUH. 

The interposition of resistance in the conducting path leads 
directly lo apparatus not working as it should do. A l«:ll may ring 
less loudly, or not at all, a lamp may not give its full light, or may 
give no light, and so on. The extreme raise is, where there is a break 
in tin; conducting path, as when the conductor itself is severed, or 
when some jmrt of the. apparatus, some two surfaces of which ought 
to be in contact , are completely separated. 

The lowering of the insulation resistance of any part of the 
ap|mratiiH, such as the insulation of the generator, the cables, the 
switch gear, leads to current passing through the insulation, which 
ought not, and this loads to the gradual destruction of the insulation, 
the further lowering of the insulation resistance, and in addition it 
lowers the pressure lieyond the point at which the leak occurs. Thus 
defective insulation of some part of the generator will lower the 
pressure at the terminals. Defective insulation in a i«ur of cables, 
my in a mine shaft, lowers the pressure at the pit bottom, and so on. 
The extreme ease of lowered insulation is what is known as a “ short 
circuit," or more frequently a “ short,” where there is a direct con¬ 
nection, of very low resistance, between two points in the circuit, 
between which the pressure of the service exists. Lowered insolation 
resistance often leads to severance of the conductor, because it means 
that the insulating envelope has been damaged by water or in some 
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other way, and the water having passed through the envelope to the 
conductor, gradually eats the latter away, interposing resistance as 
the chemical action proceeds, and finally severs it. Severance of the 
conductor also sometimes leads to the destruction of the insulation 
in the neighbourhood of the severance, because when a conductor 
through which a current is passing, under considerable pressure, is 
parted, a spark passes across the break, and in some cases an arc is 
formed between the severed ends for a short time, the arc destroying 
the insulation in its neighbourhood and for a considerable distance 
on each side. 


Rules for Testing 

There are a few simple rules that are applicable to all kinds of 
electrical apparatus in testing for faults. 

1. Always make sure that the source of electricity, the battery or 
the dynamo, is doing its work properly, and test it if necessary before 
proceeding to make other tests, unless, from other indications, it is 
known that the fault exists in some part of the apparatus away from 
the source. 

2 . Always work outwards from the generator in testing for faults, 
unless there are indications that the fault is.in a certain apparatus at 
a distance from the generator. 

3. A great deal of time in testing for “ faults ” will be saved if 
continuous tests are made upon the apparatus. If the insulation 
resistance of each part of the apparatus is tested periodically, and 
recorded in a book provided for the purpose, it will be seen if any 
portion is deteriorating, and when this is shown, the earliest opportu¬ 
nity should be taken of making a further complete test of that part of 
the apparatus. The “ test in time ” will save whoever is responsible 
for it a great deal of labour, and troublesome labour, that he will have 
to undertake if the apparatus is allowed to break down. In nearly 
every instance, signs are given at a comparatively early date that will 
enable a careful man to prevent faults occurring. 

4. There is a simple rule in connection with all faults, and it is 
when testing and you come to two points, at one of which you have 
indications of the normal conditions, or not far from the normal con¬ 
ditions, and at the other you have indications far removed from 
the normal, the fault is almost sure to lie between the two. Put in 
another form, when testing, and you have found your current and 
lost it again, the fault lies between the point at which you last found 
your current or pressure, and the point at which you lost it. With 
lighting and power apparatus a good deal of the testing will be made 
for pressure, and this rule will mean that when you suddenly come to 
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a very largo fall of pressure, without the presence of any apparatus 
taking a large current to account for it, you will have just pre¬ 
viously passed over the fault. 

5. In testing for insulation resistance always use a pressure at 
least as high as that of the service. The strain upon the insulation 
increases with the pressure, and one will often obtain a false indi¬ 
cation, showing an apparently good insulation resistance, with a low- 
pressure current, when with a high-pressure current the insulation 
resistance might be completely broken down. 

6 . In testing for continuity of conducting path, always use as low 
a pressure as possible, and for practically the same reason as you use a 
high pressure in testing for insulation. A high pressure will drive 
a current sometimes through a comparatively high resistance, where a 
low pressure would declare the existence of the high resistance. 


Faults in Mine Signals 

Always first test the battery which supplies current to the bell 
that does not ring. If the battery is tested frequently, it will soon 
be seen, on testing each cell, if any one or two cells have so far worked 
down as to interpose a high resistance into the circuit. The battery 
may be tested by a lineman’s galvanometer, which consists of a pair 
of coils of wire surrounding a vertical magnetic needle, the needle 
boing connected to a vertical pointer which moves over a semi¬ 
circular dial, graduated on each side from 0° to 90°. The two coils 
contain, one a few turns of comparatively thick wire, and the other a 
large number of turns of very thin wire. One end of each coil is 
joined to one terminal, and the other end of each coil to a separate 
terminal, so that there are three terminals on top of the case enclosing 
the apparatus. The thick wire coil is used for testing the condition 
of individual cells, the thin wire for testing for leakage currents, and 
sometimes for continuity of the circuit. One form of lineman's 
galvanometer is shown in Pig. 157. The battery may also be tested, 
and perhaps more conveniently under modem conditions, by low- 
reading voltmeters. Voltmeters are made now to read to five and 
six volts, in the form of an apparatus that can be carried in the 
waistcoat pocket. The open type Le Clanch6, the dry cell, and the 
bichromate cells will all give about 1%3 volte when in proper working 
order, when the voltmeter wires are connected to the terminals of the 
cell, and this pressure will decrease gradually as the cell is used. 
When the cell shows only about 0'5 volte, in the ease of a dry cell, it 
should be taken out of the battery and allowed to rest .Sometimes 
a cell after resting will recover, and will continue to work for some 
little time. In the case of a wet cell, it may sometimes be recupe¬ 
rated by adding sal-ammoniac, by cleaning the zinc, or adding a 
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fresh zinc, or if these do not suffice, by changing the filled porous 
cells. The filled porous cell, again, if allowed to rest, will sometimes 
recover itself, and may be used again. The mercury bichromate cell 
may be recovered, sometimes by adding bichromate of potash, some¬ 
times by adding a little sulphuric acid, sometimes by cleaning the 
zinc, and by scraping off the crystals that are formed on the carbon 
plate. The condition of this cell is known very accurately by the 
colour of the solution. When in good working order it is a bright 
orange, it gradually becomes paler, then green, then dark blue. 
Occasionally a cell of this type 


will give very little current, even 
when its solution is a bright 
orange; it then requires a little 
sulphuric acid. 

Do not attempt to recuperate 
either dry cells or any other 
primary battery cells by means 
of an electric current. Text-book 
theory states that this may be 
done. Practical theory says that 
it cannot, because a number of 
other chemical actions have gone 
on within the cell, which cause 
any recuperation that may be 
attained to be only temporary. 
In particular, the carbon plate is 
almost always attacked, in all 
forms of cells, by the secondary 
salts that are formed in the work¬ 



ing of the battery, and they are 
not dislodged, and the carbon plate 
is not restored, by putting a reverse 
current through it. In any case, 
it is far cheaper to change the cells 
when necessary than to tinker 


Fig. 157. —Lineman’s Galvanometer. Two 
of the Terminals are connected to the 
Low Resistance Thick Wire Coils and 
two to the High Resistance Fine Wire 
Coils, one Terminal being common to 
both Coils. It will be noticed that it 
has a Leather Strap for carrying. 


with recuperation. 

Having made sure the battery is right, examine the bell for dis¬ 
connection. In testing signals and telephones, and for a good deal of 
electric light and power work, a dry cell and either a lineman's 
galvanometer, or a low-reading ampere meter, will be found very 
useful. Wherever a disconnection is suspected a circuit is easily 


formed of the dry cell, the instrument and the apparatus, and the 
disconnection either found or its presence shown to be non-existent in 
a few minutes. A somewhat frequent source of trouble with bells is, 


the ends of the wire coils break off where they leave the coil, or 


2 A. 
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where they are connected to a terminal, and the wire is sometimes 
held together by the cotton or silk covering. A test will show the 
presence of this, and a little gentle pulling will disclose the actual 
fault. 

Another somewhat frequent source of trouble with single-stroke 
bells is, the armature sometimes remains in front of the electro¬ 
magnet after a signal has been given, in place of falling hack. This 
may be due to a leakage current, or it may he due to imperfect con¬ 
struction of the bell. In either case, there should be a provision for 
throwing the armature away from the magnet "by means of either a 
spiral or straight spring, as convenient. The centi-ampere meter, so 
strongly recommended in connection with mine signals, will save a 
great deal of trouble and time in testing. It will show, as explained, 
if there is a leakage current on, and it will be a simple matter to 
increase the tension of the throw-off spring of the bell, when 
necessary, to keep the armature clear, and keep the "bell working till 
the leakage is got rid of. 

To test for a disconnection either in the covered wires, say in the 
shaft, or the iron wires on the engine road, there is one simple rule. 
Taking the engine road first—a frequent source of trouble is, coal 
dust accumulates on the wires, and prevents proper contact being 
made. Take a voltmeter arranged to read the full pressure of the 
battery, and test at the commencement of the engine-road wires, and 
then at different points on the road, proceeding outwards, first with 
the wires as they are, and secondly, after scraping them. There will 
be a gradual fall of pressure as the distance from the engine house 
increases, and if there is a sudden serious fall between any two points 
the fault will be found between them. A common fault in this case 
is a badly made joint in the iron wire. In jointing iron wires, the 
ends should be scraped very clean, and they should either be bound 
tightly together with iron wire that has also been scraped clean, or 
they should be twisted firmly together with what is known as a bell- 
hanger’s twist. The fault may also occur in the covered wire between 
two pieces of road, where the iron wires are terminated on each side 
of the junction, and covered wire employed to connect them. The 
difference of pressure on the two sides of the junction will show this. 
Where the disconnection occurs in the shaft wire, careful test should 
be made at the top of the shaft and at the bottom for pressure 
between the wire carrying the current to the bell and the return wire. 
The existence of a large difference of pressure between the top and 
bottom of the shaft will show that the trouble is in the shaft, and the 
shaft wires should then he very carefully examined, every inch of the 
wire being passed through the hand, and as good a light as can be 
obtained used. A disconnection will nearly always be shown, by the 
presence of the green salt of copper, that is formed "by the chemical 
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action between the pit water and the copper wire. It requires, 
however, some practice in looking for faults of this kind to discover 
it, and any man in charge of electric signals who examines shaft wires 
for the first time should go carefully through them several times 
before proceeding to the next step. The next step unfortunately is 
one that is unavoidable in mine signals, and it is one which will 
probably lay the seeds of trouble in the future. Having made sure 
there is a disconnection in the shaft, a test must be made about the 
middle of the shaft, by removing the covering from the two wires 
forming the circuit, and taking the pressure across them. If the 
pressure that should exist at that point—a little less than that on 
either the pit top or pit bottom, according as it is a down or up 
signal—exists, the fault is either below or above, according as it is 
down or up signal, and the process must be repeated, say, halfway 
between the middle of the shaft and the bottom, again halfway 
between that and the bottom of the shaft, and so on, until the section 
is found in which the fault exists. The places where tests are made 
should be wiped as dry as possible, immediately the test is complete, 
and they should also be immediately wrapped with two or three 
coatings of strip rubber, two or three coatings of primed tape being 
wrapped over them, and the whole protected by yarn, and so on. 
These points where tests have been made should be examined as fre¬ 
quently as possible, as no matter how carefully the recovering is done, 
water will almost surely penetrate, and fresh faults will be made. 
Leakage on a mine signal is shown by a battery working down very 
rapidly, and bells refusing to work beyond a certain point. The test 
for leakage on mine signals is, to break the signal in parts at con¬ 
venient points, as say the pit bottom, the junctions, and so on, and 
either observe the effect upon the centi-ampere meter, or if no centi- 
ampere meter is fixed in the engine house, the effect upon an instru¬ 
ment, which may be a low-reading ampere meter, or the fine wire 
circuit of a lineman's galvanometer. If the leakage is due to one 
particular section, as sometimes happens, the fact will be shown by 
the disappearance of the deflection when that section is taken off, but 
if, as more frequently happens, the leakage is more or less continuous 
all the. way through the signal, owing to the insulation having 
generally deteriorated, the fact will be shown by the deflection on the 
leakage instrument lessening, as successive sections from the end are 
disconnected. 

Faults in Telephones 

Faults in telephones are of two kinds, failure of the calling 
apparatus, and failure of the speaking apparatus. The calling appa¬ 
ratus for private telephone services is nearly always now the magneto 
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low-reading ampere meter, making up the different circuits through 
which current should pass with the dry cell and the instrument in 
the circuit, and testing from point to point within the apparatus, till 
two points are reached, at one of which a deflection is shown, and at 
the next no deflection. The break lies between these two. The 
microphone battery, or the ringing battery, where one is employed, 
may be used for testing for a disconnection. Fig. 158 shows the 
connections for testing, using the ringing battery. 

It is not often that leakage interferes with the working of 
telephone apparatus, because the currents are so small, and the 
pressures are also so small. 

Faults in Dynamo Machines 

Dynamo machines, both generators and motors, are subject to the 
two faults mentioned, lowering of the insulation resistance, and 
increase of conductivity resistance. If the insulation resistance of 
the field coils is lowered, and particularly if the insulation of one 
coil disappears completely, that is to say, if the coil is short circuited, 
the pressure generated by the machine will usually be lowered, and 
the other field coils will show an increase of temperature above that 
usual under ordinary working conditions. The rule, therefore, is, in 
a case of this kind, to look for the coil which is cool, and test its 
conductivity and insulation resistance. If, as sometimes happens, 
the insulation between the inner wire and the outer wire has broken 
down, and the coil is practically short circuited, this will he shown 
immediately by the conductivity resistance test. Each field magnet 
coil has a certain resistance, which the electrician in charge of the 
apparatus should know, and should obtain from the manufacturers 
when the apparatus is first put into service, and if, having discon¬ 
nected this coil and tested it, as will be explained, he finds the 
resistance is very much lower than it should be, the cause is 
probably the insulation has broken down. 

The above applies equally to the field coils of continuous-current 
or alternating-current machines. 

Faults in Continuous-current Armatures 

The principal points where faults occur in continuous-current 
armatures are, at the commutator, and between the coils and the iron 
core. As explained in Chapter IV., the two ends of adjacent coils 
are brought to the radial bar of a section of the commutator, and are 
there sometimes merely soldered, sometimes screwed and soldered. 
If the soldering has not been very carefully done, if the slot in the 
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radial bar has not been thoroughly cleaned and thoroughly tinm 
and the ends of the coils also thoroughly cleaned and thorough 
tinned, and when the two are married, the whole thoroughly filh 
with solder, and kept hot until the whole has become one solid mas 
and then allowed to cool so as to form a solid mass, the vibration 
the machine will sometimes gradually break the wires away from tl 
commutator, and a very troublesome fault indeed is set up. Win 
a break occurs at the commutator, the machine refuses to give at 
current. A small spark is seen at the commutator, but no pressm 
or very little, appears at the terminals of the machine. When tl 
fault is due to the wires coming away from the commutator bar, 
the machine is stopped and the commutator examined, it is oft€ 
very difficult indeed to find the faulty one, because the wires wi 
partly go back into their place. The rule is, note the point whe] 
most sparking occurs when the machine is running, and examine tl 
commutator connections in its immediate neighbourhood. Failir 
this, it is necessary to try to break the connections one by one, or 1 
endeavour to force the wires out of their slots. The wire that : 
loose will then usually come out with comparative ease. Great car 
however, is necessary in doing this. The other principal sources < 
trouble, the connection between the coils and the core, and tt 
connection between adjacent commutator segments, or betwee 
commutator segments and the axle, are due to the insulation of th 
coils and of the commutator segments, and of the commutator froi 
the axle being broken down. In modern continuous-current generate] 
and motors there is often a considerable difference of pressui 
between adjacent sections of the commutator, and there may b 
between the coils and the core, and between the commutator and th 
axle. In the modern dynamo, this is fully provided for by specie 
care in the insulation, as described in Chapter IV. But it ma 
happen that defective mica has been used. There are differen 
qualities of mica, some of which will not stand high pressure 
Also, with very high pressures, it has happened that nitric acid ha 
been generated in the slots in which the coils were embedded, owin 
to the generation of ozone, it is supposed, and this has led to th 
breakdown of the insulation. Every manufacturer also is at th 
mercy of a careless workman. If a small pin point is left i: 
the slot of an armature, it will work its way through the insulatioi 
and sparking will take place. 

There is never any difficulty whatever in discovering the seat c 
- ^-^Mown of insulation in a continuous-current armature. I 
by the damage it does at the point where the insula 
wn. When the insulation breaks down between th 
>re, sparking takes place between them, the coils bein 
right on to the core, and there is nearly always 



KAI'JT* IN Ki.Ki‘TRICAI* APPARATUS 


359 


'«m '*!■ r *H*» liUi.iiiMjt * f | h 4 in tire immediate neighlKmrhood, 

I# udreg re ! dre *ire!nreiref 4 *4 f!jftmiut itm of udjaneut roils, Whore 
fV- mreilrereti rerei*rei two reij.ireuif rommutator segments breaks 
>b rere 4 ,r ub-o ire dtftriilfv m *it covering the plaee. This mica 
(lire-- tire **rem» ii? 1 are usually burned away in very 

l*'> • 1 -re ! '?rere ; hi renre* • 're if tlp-y hud been nibbled by rats. The 
<• /re« 4 rev tpplere re U-*< * re 'tirefrewfi 4 if the insulation between the 
* rere ' rearer n, ? tre id?, I* w d l 1 *> hown iimudly in two ways. 

I Jo "4, *<f j- v bdy urere fSnii eonnontud to the segments near 
«badi *ii*- hiKihl vrei *4 lire brenbition iireitrii will generally be 
> retired. an I * ii ummng Urn insulating Hug lli«i damage will \m 
4 v ' / *b ".**4 immMmMy. 

Tenting for Disconnection in Continuous- 
current Armature 

Ir.re?*4g fut i% dtrereitire frett in 4 Hreitimioirreinirrtuit armature is 
re reree w h* i , ay wi * n lire hrvak lefnaes to ilcrJurit itself, after 



f,;>M re/# thh£t%m 4 t. fretim f&f * liwiifc in th« Artuitui'i Circuit, 


ll/* fn*:4ti> 4»re til^l have treett Its 4, and it is often IffiiibleilotiH!, 
re. \)*V tre rereret- nre, Tic mb’ i% nnhn mioiltct Mmmmmlmn 









360 


ELECTRICITY IN MINING 


by unsoldering a pair of wires at one of the commutator arms, seeing 
the wires are brought quite clear of the commutator and are sepa. 
from each other, then form a circuit, as shown in Eig. 158, with j 
cell and either a low-reading ampere meter or a lineman’s gal' 1 
meter, and test from segment to segment of the commutator or 
side of the disconnected wire to which connection is made, 
instrument will show the presence of a current as each segme 
touched, providing that the commutator and the wire from 
instrument touching it are clean, and firm contact is made betr 
them, till the disconnection is passed, and it will be found t> 
between the last two segments touched. Usually a further exari 
tion will show that the disconnection is at the junction to 
commutator. Occasionally, however, though very rarely, the 
connection may be in the coil itself, between the two segments o: 
commutator last touched. Modern dynamo construction is so 
carried out, and is so thoroughly well understood, that the case sb 
very rarely arise where a disconnection in any part of the coil w 
be found. There may be cases, however, in old dynamos, or win 
dynamo has been repaired, and, in place of putting in a complc 
new coil, a piece has been soldered on. It may also occasion 
happen that a bad piece of wire has been used, in spite of ail 
cautions, and it has parted owing to the vibration of the mad 
Usually in a case of this kind sparking also takes place at the bx 
and its presence will be shown by heat of that coil. In any t 
however, the coil indicated must be replaced, and the three sel 
connections to the commutator and any equipotential conduc 
properly soldered into place. 


Turning up Commutators 

It is not so necessary at the present time to caution usen 
dynamos about turning up commutators as in the early days of 
dynamo. The commutator requires turning up very much 
frequently than in those days, and it is now better understood 1 
care must be taken in carrying out the operation. The great dax 
in turning up the commutator is, the cutting tool that is emplo 
always carries forward a portion of the copper it is turning from 
segment to the next, in the direction of rotation. Hence, when 
turning is complete, there will nearly always be a number of adjac 
segments connected by minute pieces of copper that are very hard 
see, except by the practised eye. The rule is, after turning up 
carefully clean out the divisions between the sections with a specie 
sharp-pointed tool, and to go over and over several times. There 
unfortunately, no test that Gan be employed at a mine that will st 
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when two commutator sections are in connection. Perhaps the best 
test is, after turning is complete, and after the divisions have been 
very carefully cleaned out, the attendant having gone over them 
several times, to put the armature in the machine, if it has been 
taken out, and to run it slowly, so as to generate a comparatively low 
pressure, and to carefully examine the coils while it is running, and 
after it has been running a certain time, stopping the machine for 
the purpose. If a connection still exists between two adjacent seg¬ 
ments, the fact is generally soon known by the coil that is short- 
circuited warming, and by sparking at that section. A plan that is 
designed to avoid all this trouble is to employ one of the machines 
that are on the market for turning up the commutator in situ , by 
means of either emery wheels or stones, preferably the latter. Care 
is of course necessary, with this method as with the other, to clear off 
all dust that is formed from the commutator, the radial bars, and 
other parts of the machine. It should also be mentioned that dust, 
either copper or carbon, that is allowed to collect between the com¬ 
mutator segments or on the insulation of the brush holders, will 
sooner or later lead to trouble. 

The burning out of a coil, which occurs when two adjacent seg¬ 
ments of a commutator are connected, is due to the fact that the coil 
itself, being then short-circuited across the insulation of the com¬ 
mutator, presents a very low resistance indeed to the pressure that is 
created in it as it passes through the magnetic field. The pressure 
created in each coil is not large. It may not be more than one volt 
in a well-designed machine; but a pressure of one volt when opposed 
by a resistance of say *001 ohm furnishes a current of 1000 amperes, 
and the heating effect being as the square of the current strength, 
the result is at once apparent. 


Testing for Disconnection in an Alternating- 
current Armature 

The testing of an alternating-current armature for disconnection, 
whether single, two, or three phase, is usually a very simple matter. 
With single-phase currents a dry cell and a detector galvanometer, 
or low reading ampere meter connected to the collector rings on the 
armature shaft, with the collector brushes thrown hack, will show at 
once if there is a disconnection. If a circuit is formed with the 
dry cell and indicating instrument and one of the collector rings, the 
wire forming the other end of the circuit, being touched on the 
junctions to successive coils of the armature, will quickly declare 
where the break is. The instrument will show a current at the 
end of each coil, until the coil is passed in which there is a 
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disconnection, and it will be in the coil between the last two tests. 
Disconnections do not often occur in alternating-current armatures. 
With two-phase armatures, the same process is carried out, testing 
the coils of each phase separately. 

With three-phase armatures, star connected, the same process is 
carried out, but by forming a circuit with the dry cell and indicating 
instruments as before, and connecting to each two of the three collector 
rings. If all is in order there is a complete circuit between each 
two of the rings, formed by two of the coils connected at the neutral 
point. If there is no circuit between one of the rings and either 
of the other two, there is a disconnection in that set of coils, and 
it is to be found by testing from that ring, as described with 
single phase. 

With three-phase mesh-connected armatures, the testing must be 
carried out in the same way for disconnection as with a continuous- 
current armature, the points of connection between the coils, of which 
the winding is formed, being used for testing, in the same way as the 
commutator segment with a continuous-current armature, and one of 
them being broken, as explained in connection with the continuous- 
current machine. 


Conductivity and Insulation Tests in Dynamos 

There are a number of apparatus on the market for making 
accurate conductivity tests, and the electrician in charge will be wise 
to make himself familiar with them, but for all practical purposes 
any conductivity tests that are required may be taken with a few dry 
cells, and a low-reading ampere meter. It has been mentioned in the 
foregoing pages, that a dry cell and a low-reading ampere meter, or a 
lineman's detector galvanometer, will answer in a great many cases, 
and it is quite correct. But for greater accuracy, and for better 
informing himself of the condition of the circuits of the dynamo 
machines under his charge, the electrician would be wise to use 
instruments that will show him a certain definite marked deflection, 
and it may be necessary to use a number of dry cells for the purpose. 
The conductive resistance of large field-magnet coils may be high. 
It is no unusual thing to have a field coil having 1000 ohms resistance. 
Taking the pressure available from a single dry cell as probably not 
exceeding one volt, the current passing through the circuit formed 
with one dry cell, the ampere meter, and a field coil will be only one 
milliampere. Any convenient form of milliampere meter may be 
employed for the work, but a sufficient number of dry cells should be 
employed to give a deflection of 30 degrees or so on a circular dial 
scale, if one is employed, so that any difference in the conductive 
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resistance of any magnitude is easily apparent. Fig. 160 shows the 
connections for testing for a break in the circuit of the field-magnet 
coils with a dry cell and low-reading ampere meter. In practical 
work it is rarely necessary to know the conductive resistance of field 
coils within close limits, but it should be known when the resistance 
is very largely increased, and when it is very largely decreased. It 
will be largely increased if the wire is partly eaten away, and it will 
be largely decreased if the insulation has broken down. Both of these 



Ampere: Meter 

Fig. 160.—Diagram of Connections for testing for a Break in the Field 
Magnet Circuit. 


are shown in the manner suggested, and if more accurate tests are 
desired, one of the forms of Wheatstone’s bridge had better be em¬ 
ployed. The author would, however, advise practical engineers not 
to make a fetish of the Wheatstone’s bridge. It is a very beautiful 
and very useful instrument, especially in the forms in which 
modern instrument makers supply it, and an electrician who can 
use one can find out almost anything he pleases with it, but it is 
an apparatus that requires a certain amount of skill in using. 
The indicating galvanometer attached to it is always delicate, and 
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driving, is turned rapidly, the resistance being read off on the dial. 
The apparatus mentioned are sometimes made with generator and 
resistance indicator in one box, but more frequently the generator is 
separate. Fig. 161 shows the arrangement of the test for the insu¬ 
lation resistance of armature to shaft. There are various other 
instruments, including the Wheatstone’s bridge, which may be 
employed for testing insulation, but they are nearly always very 
much more delicate than the apparatus described, and unless they 
are made to the employed with the pressures named, the indica- 
tions of insulation resistance which they give may be inaccurate. 


Trouble with the Brush Holders 

As explained in the description of dynamos, the modern dynamo 
carries several sets of brushes held on spindles, which are supported 
by a circular rocker, carried on the face of the machine or on the 
bearing, each spindle being insulated from the rocker by collars of 
insulating material. This is one of the weak points of the continuous- 
current machine, inasmuch as the construction leaves very little 
room for thickness of insulating material. In the modern machines, 
however, it is not often that trouble arises from the breakdown of the 
insulating collar, but it is wise to remember the fact that if copper or 
carbon dust, or even coal dust, are allowed to collect upon the surface 
of the insulating collar, as they will do if the latter is damp with oil 
or water, a path is gradually formed, across which a current is thrown 
at some favourable instant when the pressure of the service rises for a 
moment, the current so passing bums up the path of dust, and, in 
burning it, destroys the insulating collar. To avoid this, always keep 
every part of the brush gear scrupulously clean and free from dust. 

Another source of trouble that is sometimes met with in con¬ 
nection with brush holders is—and it applies also to the collectors of 
alternating-current machines—a disconnection is formed at some 
portion of the brush circuit by a film of oil or dirt, or the two com¬ 
bined. When a machine is running continuously, it sometimes 
happens that oil finds its way to the brush spindles, and the other 
points where connection is made between the coils of the machine and 
the brashes. So long as the machine is running, nothing may happen, 
because the screws and other parts being in their place, and properly 
tightened up, the oil and dirt do not get in between; hut when the 
machine is stopped, and possibly the brash holders removed for 
trimming, the dirt and oil may extend to the point where the con¬ 
nection to the brash holders will be made, or the brush holders may 
be fixed at a slightly different spot, with the result that a resistance 
is interposed, sufficient to prevent the machine from generating the 





ELECTRICITY IN MINING 


366 

current required to build up in the first instance. The remedy for 
this is, keep all parts of the brush holders, etc., scrupulously clean, 
and, whenever they are dismounted, see that all parts where connec¬ 
tions are made are clean and bright. 


Faults in Cables 

Cables are subject to the same faults that have been mentioned, 
increase of conductive resistance, and decrease of insulation resistance, 
and it is more particularly in cables that the one often leads to the 
other. A cable in a damp place may have its insulation resistance 
gradually lowered by the water penetrating, and afterwards the water 
which has passed through the insulating envelope may eat away 


Cable 



1 Fig. 162.—Diagram of Connections for testing the Insulation Resistance 
•*. of an Armoured or Lead-covered Cable. 


the conductor, gradually increasing its conductive resistance until 
severance is complete. This may take place even with the very 
largest cables, though it is more likely to with smaller ones. The 
best safeguard against faults of both kinds are the tests required 
by the recently issued Home Office Regulations. The insulation 
resistance of each length of each cable should be tested periodically, 
with one of the apparatus mentioned and the test recorded, and if 
any particular cable shows signs that its insulation resistance is 
falling, it should be carefully examined. Figs. 162 and 163 show 
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the connections for testing the insulation resistance of armoured or 
lead-covered and plain-covered cables respectively. It is not so easy 
to test the conductive resistance of cables, because it entails discon¬ 
nections which are troublesome, and the cables themselves are of such 
low resistance that a conductive-resistance test is very difficult to 
make accurately. Probably the best guide in the matter of the con¬ 
ductive resistance, and even of the insulation resistance, is a careful 
watch upon the volt meters and ampere meters at the main switch¬ 
board and sub-switchboards, assisted by tests, as often as possible, at 
distributing points, motors, and so on. If the current passing out 
to any particular district through a set of feeders increases without 
any apparent reason, if the motors taking current from the particular 
feeders are doing the same work, and there are the same number of 


Cable 



Fig. 168.—Diagram of Connections for testing the Insulation Besistance of 
a Cable without Armour or Lead Covering. 

lamps, of the same power, where lamps are in use, and the current 
steadily increases, it is a pretty sure sign that the insulation 
resistance is decreasing. The rule in this case is to break the cable 
at the different points where the switches are, and test each section 
for insulation separately. If one section shows a largely decreased 
insulation resistance it should be carefully overhauled, and, if 
practicable, divided into sections, by breaking at points where 
convenient and testing each section separately. If, as more fre¬ 
quently happens, the insulation resistance is found to be steadily 
decreasing through the whole length of the cables, it means that 
the whole of the insulating envelope is deteriorating, and it should 
be carefully watched, and the cables replaced before the matter has 
goneJ;oo far. Another source, and a very frequent one, of trouble 
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down the shaft and along the workings to the neighbourhood of the 
face, each thousand yards has a certain conductive resistance, and a 
test with a low-reading ampere meter and a dry cell will give a 
rough indication of the length of cable between the point where the 
test is being made and the “short.” Further, the system that has 
been so strongly recommended in these pages, and that is insisted 
upon so wisely by the Home Office Regulations, of switches at the 
pit bottom, and at different distributing points, will be found of 
immense service in testing for a fault of this kind. Thus, if the 
switches at the pit bottom are open, and it is found on switching the 
feeders on at the switchboard that the circuit breaker comes out, or 
that there is a heavy throw of current on the ampere meter, it is 
pretty clear that the fault is in the shaft. It is wise in a case of this 
kind not to wait for the circuit breaker, but to watch the ampere 
meter. If, on the other hand, there is no throw of current on the 
ampere meter, and the circuit breaker does not move, it is clear that 
the fault is beyond the pit bottom, and this may be repeated until 
the section in which the fault occurs is located, when a more careful 
examination should be made, and a more careful test for conductive 
resistance. 


Testing Cables for Disconnection 

This is often a very troublesome matter. The capacity test given 
on p. 370 is of service, but, as will be explained, the apparatus 
employed is somewhat delicate. Disconnections do not often occur 
with large cables; but, on the other hand, it is perfectly possible 
for them to, especially at joints. Jointing large cables is somewhat 
difficult in mines, and if moisture, especially some of the pit water, is 
allowed to be present when the joint is covered up, it will assuredly 
eat the conductor in two, and then it is difficult to find. A conductive 
resistance test in this case is of not much value, because if the sever¬ 
ance of the conductor is complete, no circuit can be formed, and that 
is where the capacity test comes in, as no circuit in that case is 
wanted. 

A voltmeter test will do a great deal in locating the section 
where the break is. If there is a voltmeter at the pit bottom, and 
it shows the same pressure as at the main switchboard, when no 
current is passing, it will be evident that the fault is not in the shaft. 
This had better be confirmed by taking the pressure when the normal 
current is passing, if possible, as the passage of the current may 
break down the fault. Passing outwards from the pit bottom with a 
portable voltmeter, a test at the end of the next section with the 
current on and off will show whether the fault is in that section, and 
this may be continued at the end of each section. When the pressure 
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Absorption of electricity by insulating 
envelope of cables, 17 
Accumulators, 10,193 
Advantage of high pressures for distribu¬ 
tion, 235 

Ageing of iron, how provided against, 
206; in transformers, 205 
Air-cooled transformers, 206 
Alternate-current arc lamps: difference 
in light given from continuous current, 
54; difference in pressure required 
from continuous currents, 54; differ¬ 
ence in wasting of carbons, 54 ; general 
description, 54 

Alternating and continuous currents, 
difference between, 14 
Alternating-current arc lamps: precau¬ 
tions for working, 61; use of chok¬ 
ing coils and compensators with, 
60; use of compensator with, 65; 
worked from single-phase service, 60 ; 
worked from two- and three-phase 
service, 60 

Alternating-current generator: descrip¬ 
tion of, 185; difference from con¬ 
tinuous-current generator, 185; the 
disc form, description of, 186 
Alternating current: maximum pressure 
present, 15 

Alternating currents: calculations for 
Ohm’s law, 15; changes in, 15; the 
cycle, 15 ; the cycle or period defined, 
15 ; definition and explanation of, 14; 
laws governing, 15; maximum cur¬ 
rents, 15; maximum pressure, 15; 
mean heating values, 15; the period, 
15; periodicity, definition of, 16; ratio 
between maximum and effective cur¬ 
rent, 15; ratio between maximum and 
effective pressure, 15; square root of 
mean square, 15 

Alternator with drum armature, descrip¬ 
tion of, 187 


Alternators : the number of cycles of, 
191; number of poles in, 191; perio¬ 
dicity of, 191 

Aluminium conductors, objections to the 
use of, 212 

Aluminium: unsuitable for fuses, 266; 
use of, for conductors, 212 

Ampere, the, 5 

Angold double-carbon open - type arc 
lamp for rectified current, 55 

Angold enclosed arc lamp, with adjust¬ 
able resistance, 51 

Angold open - type double-carbon arc 
lamp, 53 

Application of eleotricity for driving 
machines in mines, 272 

Arc lamp: arrangement of supports in 
engine houses, 65; arrangement of, 
supports in sidings and open spaces, 
65; arrangement of supports on pit 
heaps, 65; burning away of carbons, 
46; general description and working 
of, 45; insulation of, from support, 65; 
iron posts for, description of, 65; 
lattice-work poles for, 66 ; L. E. F. 
support for, 67; Schaeffer contact sup¬ 
port for, 67; Schaeffer safety hook for, 
description of, 67; use of flexible 
stranded rope for hoisting, 65; wooden 
posts for, 65 

Arc lamps: continuous current, use of 
resistance with, reason for, 62; fixing 
of carbons, 46; flickering of carbons, 
46; forms of, in use in mines, 45; 
working of, from motor generator, 
59 

Arc lighting by continuous - current 
machines, 178 

Armature coils, connection of, to com¬ 
mutator, 175 

Armouring bitumen cables, 218 

Armouring cables: objections to, 230; 
the question discussed, 230 

Arrangement of apparatus in generating 
station, 206 
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Arrangement of arc lamps : to work 100 to 
500 volt services, 59; on 65 to 110 
volt services, 59 

Arrangement of cables with two- and 
three-phase currents, 242 
Arrangement of lamps: in parallel series, 
8; in series parallel, 8 
Asbestos-covered fuses, description of, 267 
Atkinson’s time-limit circuit breaker, 
description of, 270 
Atom, the, 1 
Atomic theory, 1 
Atomic weight, the, 1 
Attraction between positive and negative 
corpuscles, 2 

Automatic cutouts for continuous-cur- 
rent arc lamps, description of, 63; use 
of, with continuous-current arc lamps, 
62 

Auto transformers for three-phase mo¬ 
tors, 279 


B 

Babcock and Wilcox boiler: description 
of, 91; description of superheater, 
92 

Balancers, description of, 200 

Bar coal-cutting machines, description 
and operation of, 326 

Batteries employed for mining signals, 
27 

Beiliss engine, 120 

Bells: for mining signals, 35; for use in 
damp situations, 36; for use in ex¬ 
plosive atmospheres, 35; for use in 
metalliferous mines, 36 

Binding wires for engine-road signal 
wires, 30 

Bipolar continuous-current generators, 
description of, 171 

Bitumen: composition of, and prepara¬ 
tion for use as an insulator, 218; 
covered cables, 218 

Blackett’s coal conveyer for the coal 
face, 348 

Blast - furnace gas: cleaning of, 153 ; 
rationale of, 153; the use of, 152 

Boiler, circulation of feed water in, im¬ 
portance of, 109 

Boiler efficiency, lowered by deposit of 
salts, 108 

Boiler feed, by injectors, explanation of, 
112 

Boiler-feed pump: electrically driven, 
description of, 111; three-throw type, 
111; with variable stroke, 111; Worth¬ 
ington Co/s, 109 


Boiler-feed water: containing salts, effect 
of, on boiler, 108 ; methods of supply¬ 
ing, 109 

Boiler furnace, temperature of, 101 
Booster: description of, 197; panel, 246; 
use of, 196; use of, for charging ac¬ 
cumulators, 196 

Bord and pillar system of coal working, 
325; American modification of, 325 
Branch circuits, current passing in, 6 
Breaking circuit, 6 
Bridge fuses, 267 

Bringingmachines into service and taking 
out with bus bars, 249 
B. Th. Unit: definition of, 99; mechani¬ 
cal equivalent of, 100 
B. T. H. Co/s enclosed arc lamp, 51 
B. T. H. Co.’s high tension oil immersed 
switch, 253 

Brockie-Pell brake, mechanism for arc 
lamp, working of, 48 
Brushes, the office of, in commutating, 

183 

Brush gear for bipolar machines, 181; 

multipolar machines, 181 
Brush-holders: collection of dust on in¬ 
sulation, and faults resulting from, 
365; conditions they must conform to, 

184 

Bucket pump, description of, 296 
Bulkhead fitting for incandescent lamps 
for use underground, 75 
Burning out of armature coils, rationale 
of, 361 


C 

Cables for coal-cutting machines and 
moving motors, construction of, 229 
Callender’s bitumen cables, construction 
of, 218 

Calorific values of different coals, 101 
Campbell Gas Co.’s oil engine, description 
of, 164 

Campbell oil-engine governor, 165 
Campbell suction gas producer, 156 
Capacity of cables, 17 
Capel fan, description of, 887 
Carbon brushes: density of current with, 
183 ; for continuous-current machines, 
182 

Carbon filament: behaviour of, when 
current passes, 72; disintegrating 
action in, with current, 72 
Cathode, 2 

Causes of failure, general notes on, 350 
Gentiamp&ce: meter for general road- 
signals, 82; use of, in testing, 854 
Central condensing stations, 141 
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Cornish boiler, 80 

Corpuscular theory : of electric current, 

2 ; of light, 2 
Crook’s tubes, 2 

Current for mining signals from power 
and lighting service, 27 
Curtis turbine, description of, 144 
Cyclone method of burning mnl duff, 

107 

Cylinder condensation discussed, 127; 
in compound and triple expansion 
engines, 127; methods of overcoming, 

128 


!> 

Dashpots, employment of, in arc lump*, 

58 

Definition of: Urn ampere, 5; H. TJ*. 
Unit, 9; lines of force, 12; niajjii fsr 
reluctance, 18; nugurtm rrMiffaur c, 
18; - the Ohm, 5; specific heal, U; l 
phase currents, in; the volt, 5; tie' 
watt, 0 

Do Laval turbine, diwrlplmti *4, 118 
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lamps, general arrangement for tuff !•* 
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coal-cutting machine**, 820; to 
descent and Misrnst lamps, g* ncral in 
struotions, 70 
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and alternating nerrimt arc l«iipa # n% 
Different forms of lamp'holder**, «ji ,wnp 
tions of, 78 
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dynamo machine, IS 
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deeerlption and operation of, 8» 
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54 ; colour of the light, how prodtxmi, 

M; guttural deneyiptlfin, 54; tipreiMliiig 

of flame by nlactro'inttgtiet, 55 
Pities of steam boiler*, use of, H& 

Formal draught; hy steam jot, 105; 
explanation of, 105 

Formation; of itmokti, explanation of, ICfU 

Formation of stranded conductors, 
explanation of, 221 

Forms in which Ohm's law nay \m 

written, 4 

Forms: of fans, description of, &*#*; r4 
galvanic? battery, 2H; of jmmps, 2H7; 
of starting gear for motors, 2 ?t, 
Formula: for current piwuiinf 1st main 
circuit, 0; for linat liberated hy elerlri*' 
currents, 9; for heat li he rated In niMr^ 
2 * 211 ; for measumnn nt «4 worh in ait* r 
wilting currmitu, 9; for rate of d* me 
work, II 

Foitr-phaim current*, 17 

Friction of water in pi pen, e.pm# ni 

kind for, 2!W 
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culties in the n.n of, f$, g* %wt*\ 
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Fuses: construction of, 200; # miw 4 m 
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